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A CLIMATIC  EXPLANATION  FOR 
PATTERNS  OF  EVOLUTIONARY  DIVERSITY  IN 
UNGULATE  MAMMALS 

by  CHRISTINE  M.  JANIS 


Abstract.  The  radiation  of  ruminant  artiodactyls,  bovids  in  particular,  that  characterized  the  latter  part  of 
the  Neogene,  appeared  to  be  at  the  expense  of  the  hindgut-fernrenting  ungulates  (perissodactyls,  proboscideans, 
and  hyracoids),  that  showed  a corresponding  decrease  in  diversity  and  total  numbers.  However,  climatic  and 
vegetational  changes  may  have  been  the  cause  for  this  decline,  rather  than  direct  competition  with  ruminants. 
The  Tertiary  change  in  relative  diversity  of  hindgut  fermenters,  from  initially  more  than  50%  of  the  ungulate 
fauna  to  only  25-30%,  occurred  during  the  late  Eocene  and  early  Oligocene  in  higher  latitudes,  and  in  the  mid- 
Miocene  in  lower  latitudes.  In  both  cases,  this  change  was  correlated  with  a climatic  shift  from  low  to  high 
seasonality.  Subsequently,  the  relative  abundance  of  hindgut  fermenters  remained  more  or  less  constant  in  all 
latitudes  until  the  end  of  the  Pleistocene.  The  radiation  of  the  ruminant  artiodactyls  appears  to  have  taken 
place  at  the  expense  of  less  specialized  selenodont  artiodactyls  such  as  anthracotheres,  oreodonts,  and 
traguloids,  that  were  the  first  artiodactyls  to  show  an  increase  in  diversity  after  the  late  Eocene  reduction  in 
numbers  of  hindgut  fermenters. 

The  pattern  of  evolutionary  diversity  of  ungulate  mammals  through  the  Tertiary  period  has  long 
been  seen  as  a success  story  for  the  Order  Artiodactyla.  The  radiation  and  diversification  of 
ruminant  artiodactyls  during  the  Neogene,  reaching  its  apogee  with  the  supreme  Plio-Pleistocene 
success  of  the  Family  Bovidae,  is  often  contrasted  with  that  of  the  Order  Perissodactyla. 
Perissodactyls  reached  their  maximum  species  diversity  in  the  late  Eocene,  and  thereafter  showed 
a decline  in  abundance  and  family  diversity  that  was  more  or  less  synchronous  with  the  onset 
of  the  diversification  of  the  ruminating  artiodactyls  (members  of  the  Suborders  Tylopoda  and 
Ruminantia).  This  contrasting  pattern  of  radiation  between  the  two  orders  is  usually  attributed  to 
competitive  interaction  and  ecological  replacement  of  an  inferior  group  by  a better  adapted  one,  the 
key  cited  feature  being  the  forestomach  site  of  fermentation  in  the  ruminants,  contrasted  with  the 
hindgut  site  of  fermentation  in  the  caecum  and  colon  of  the  perissodactyls  (e.g.  Simpson  1953;  Van 
Valen  1971;  Stanley  1974). 

This  simple  pattern  of  artiodactyl  radiation  versus  perissodactyl  decline  is  more  complex  than  has 
previously  been  assumed.  Perissodactyls  reached  their  maximum  diversity  at  the  family  level  in  the 
late  Eocene  with  13  families,  3 of  which  were  extinct  by  the  end  of  the  Eocene,  and  a further  6 were 
extinct  by  the  middle  Miocene  (text-fig.  1).  However,  the  remaining  perissodactyl  families  did  not 
show  a continuing  Neogene  evolutionary  pattern  of  steady  decline  in  diversity  and  abundance.  The 
Rhinocerotoidea  had  a maximal  diversity  in  the  later  Oligocene  and  early  Miocene,  and 
rhinocerotids  were  abundant  throughout  the  Miocene.  The  Equidae  had  their  maximal  diversity  in 
the  late  Miocene,  the  Chalicotheriidae  had  a moderate  diversification  during  the  Neogene  (only 
suffering  extinction  during  the  Pleistocene)  and,  while  the  Tapiriidae  never  displayed  a great 
diversification,  they  persisted  little  changed  from  the  Oligocene  to  the  present  day  (Janis  1984).  All 
living  perissodactyls,  derived  from  a common  early  Eocene  or  late  Palaeocene  ancestry,  are  hindgut 
fermenters,  and  it  thus  seems  parsimonious  to  assume  that  all  extinct  members  of  this  order  (which 
all  possess  lophed  cheek  teeth  indicative  of  a folivorous  diet)  had  a similar  type  of  digestive 
physiology. 

Only  two  out  of  a total  of  37  Tertiary  artiodactyl  families  (Bovidae  and  Cervidae)  have  a 
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text-fig.  1.  Distribution  of  ungulate  families  (with  the  exclusion  of  the  Artiodactyla)  through  the  Cenozoic 
(excluding  the  Palaeocene).  Omnivorous  ‘condylarth’  families  (Arctocyonidae  and  Mesonychidea)  and  aquatic 
families  (Desmostylia  and  Sirenia)  excluded.  ° = exclusively  Old  World  families. 


widespread  distribution  and  diversity  of  species  at  present.  The  primitive  artiodactyls  in  the 
Suborder  Palaeodonta  did  not  survive  past  the  Oligocene,  and  the  Suborders  Suina  and  Tylopoda 
had  considerable  reduction  in  family  diversity  during  the  Neogene.  Among  the  Ruminantia,  only 
members  of  the  Infraorder  Pecora  have  continued  to  expand  in  range  and  diversity  since  the  end 
of  the  Oligocene,  though  three  families  were  extinct  by  the  end  of  the  Miocene,  and  several  others 
showed  a considerable  decline  in  diversity  in  post-Miocene  times  (text-fig.  2).  [It  should  be  noted 
in  this  context  that  the  terms  ‘Palaeodonta’  or  ‘dichobunid  artiodactyls’  are  widely  used,  but 
represent  a paraphyletic  or  polyphyletic  assemblage  of  primitive  artiodactyls  rather  than  a 
taxonomically  cohesive  group.  The  same  is  also  true  for  the  ‘basal’  pecoran  family  ‘Gelocidae’ 
(Janis  1987),  the  ‘basal’  ungulate  order  ‘Condylarthra’  (Prothero  el  al.  1988),  and  the  artiodactyl 
suborders  ‘Suina’  and  ‘Tylopoda’  (Webb  and  Taylor  1980).  However,  it  is  not  my  intention  to 
revise  the  phylogeny  of  the  ungulates  in  this  paper,  and  these  terms  remain  useful,  if  cladistically 
invalid.] 

The  general  evolutionary  pattern  of  other  ungulate  orders  has  been  for  extinction  or  a decline  in 
diversity  during  the  early  Tertiary,  with  later  significant  extinctions  in  those  families  that  survived 
into  the  Plio-Pleistocene  (text-fig.  1).  Dental  morphology  and  wear  patterns  suggest  that  the 
ungulate  orders  that  experienced  early  Tertiary  extinctions  were  either  omnivorous  (most 
condylarths),  or  selective  folivores  (all  other  orders)  (Janis  1979).  Those  families  that  survived  to  the 
present  day,  the  Elephantidae  (Order  Proboscidea)  and  the  Procaviidae  (Order  Hyracoidea),  have 
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text-fig.  2.  Distribution  of  ungulate  families  in  the  Order  Artiodactyla  through  the  Cenozoic  (excluding  the 
Palaeocene).  * = exclusively  North  American  families.  ° = exclusively  Old  World  families.  Monotypic  families 
[the  Eocene  to  Oligocene  Amphimerycidae  (‘Tylopoda’),  the  Oligocene  Bachitheriidae  and  Lophiomerycidae 
(Tragulina),  and  the  Miocene  Hoplitomerycidae  (Pecora)]  not  depicted.  Ruminant  taxonomy,  including 
assignation  of  taxa  from  listings  in  Savage  and  Russell  (1983)  to  families,  from  Janis  (1987)  and  Janis 
and  Scott  (1987)  (Palaeomerycidae  includes  the  North  American  dromomerycids  and  the  European  taxon 
Amphitragulus).  Note:  the  correct  latinization  of  the  giraffoid  family  Climacoceridae,  derived  from  the  genus 
Climacoceras , should  be  Climacoceratidae,  but  I am  following  the  original  nomenclature  of  Elamilton  (1978). 


hindgut  sites  of  fermentation  (paralleling  the  condition  in  perissodactyls),  and  it  is  likely  that  this 
was  also  the  case  in  the  extinct  families  of  these  orders.  The  extinct  African  and  northern  hemisphere 
ungulate  orders,  Embrithopoda,  Dinocerata,  and  Pantodonta,  combined  a folivorous  type  of  dental 
morphology  with  large  body  size,  and  thus  were  most  probably  also  hindgut  fermenters  (see  Janis 
1976,  1979;  Van  Soest  1982;  Demment  and  Van  Soest  1985  for  discussion  of  body  size  in  relation 
to  digestive  physiology). 

I have  previously  argued  that  a hindgut  site  of  fermentation  is  not  inferior  to  a ruminant  type  of 
digestive  system,  and  that  the  type  of  fermentation  site  developed  is  dependent  on  the  body  size  of 
the  members  of  that  lineage  at  the  time  of  the  adoption  of  a folivorous  diet  (Janis  1976).  Cifelli 
(1981)  has  shown  that  the  patterns  of  evolutionary  diversification  of  perissodactyls  compared  to 
artiodactyls,  at  both  familial  and  generic  levels,  do  not  fit  an  evolutionary  model  of  competition  and 
ecological  replacement.  However  the  fact  remains  that  ungulates  with  a hindgut  site  of  fermentation 
became  extinct  or  decreased  in  diversity  during  the  later  Tertiary.  In  contrast,  the  most  widespread 
and  speciose  ungulate  families  today,  the  Cervidae  and  the  Bovidae,  are  pecoran  ruminants 
possessing  an  advanced  type  of  foregut  digestive  physiology,  combined  with  rumination 
(remastication)  of  the  food.  It  should  be  emphasized  that  the  type  of  digestive  physiology  is  a critical 
aspect  of  the  biology  of  a herbivorous  mammal  in  terms  of  its  ability  to  cope  with  any  particular 
type  of  vegetation,  irrespective  of  whether  the  animal  is  typed  as  a ‘grazer’  or  ‘browser’  (see  later 
discussion  and  e.g.  Janis  1976;  Bell  1982;  Van  Soest  1982;  Guthrie  1984;  Demment  and  Van  Soest 
1985;  Owen-Smith  1985).  Despite  the  fact  that  the  late  Tertiary  saw  the  radiation  of  supposedly 
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grazing  ungulates  concurrent  with  the  spread  of  low-biomass  vegetation  (Wolfe  1985),  this  time 
period  also  saw  a decline  in  the  diversity  of  hindgut  fermenters  regardless  of  dietary  type. 

Although  Cifelli  (1981)  clearly  demonstrated  that  the  decline  of  perissodactyls  (the  most  diverse 
of  the  hindgut-fermenting  ungulates)  could  not  be  explained  by  competition  with  ruminant 
artiodactyls,  he  did  not  propose  an  alternative  model  to  explain  their  later  Tertiary  demise.  Cifelli 
obtained  his  faunal  data  from  Romer  ( 1 966),  while  I have  had  the  advantage  of  the  later  publication 
by  Savage  and  Russell  (1983).  Although  there  are  still  problems  with  this  data  set  (see  discussion 
in  following  section),  it  provides  the  opportunity  for  the  geographical  division  of  mammalian 
faunas,  to  test  the  hypothesis  that  the  decline  of  hindgut-fermenting  ungulates  was  simultaneous  in 
all  geographical  regions.  This  can  be  shown  not  to  be  the  case:  the  more  northern  latitudes 
experienced  an  earlier  decline  than  the  more  tropical  regions,  and  this  observation  is  the  basis  for 
the  model  proposed  here. 

This  paper  examines  the  evolutionary  patterns  of  diversity  of  Old  World  and  North  American 
ungulate  lineages,  grouped  by  types  of  digestive  physiology,  and  proposes  that  Tertiary  climatic 
changes  were  responsible  for  both  the  reduction  in  diversity  of  hindgut  fermenters  and, 
independently,  for  the  radiation  of  the  specialized  ruminant  foregut  fermenters.  Hindgut  fermenters 
and  ruminants,  by  virtue  of  their  different  digestive  strategies,  are  differentially  adapted  for  using 
vegetation  of  climatic  regimes  of  low  and  high  seasonality  respectively  (see  later  discussion).  Thus 
the  vegetational  changes  accompanying  Tertiary  climatic  changes  may  have  been  the  key  influence 
on  the  differential  pattern  in  their  relative  abundance  and  diversities  through  time.  Langer  (1987) 
reviews  changing  diversities  of  artiodactyls  and  perissodactyls  through  the  Tertiary  in  correlation 
with  climatic  and  vegetational  changes  and,  while  he  attributes  these  patterns  to  differences  in 
digestive  physiology,  he  does  not  propose  a detailed  type  of  causal  mechanism  as  is  advanced  here. 


MATERIAL  AND  METHODS 

Faunal  lists  of  different  time  periods  and  geographic  regions  were  taken  from  Savage  and  Russell  (1983).  The 
faunal  summaries  have  been  deposited  with  the  British  Library,  Boston  Spa,  Yorkshire,  UK,  as  Supplementary 
Publication  No.  SUP  14037  (17  pages).  The  data  are  summarized  in  text-fig.  3.  A problem  exists  with  the 
'Asian'  faunas,  as  these  are  lumped  in  Savage  and  Russell  from  a wide  geographical  area  spanning  both 
temperate  and  tropical  latitudes  (i.e.  above  and  below  23°  N).  Wherever  possible  I have  chosen  those  faunas 
from  more  southern  latitudes,  but  the  problem  remains  that  southern  Asian  (and  African)  faunas  are  simply 
not  known  from  many  critical  time  periods.  Nevertheless,  the  data  can  still  be  used  to  provide  a general  test 
of  my  hypothesis  and  in  any  event  it  appears  that  the  Asian  faunas  were  more  protected  from  climatic  change 
than  the  European  forms,  regardless  of  absolute  latitude,  possibly  because  of  their  more  continental  setting. 
[Singh  (1988)  also  notes  that  vegetational  changes  affected  Central  Asia  relatively  late  in  comparison  with 
Europe.]  Data  for  Palaeocene  faunas  were  excluded  as  the  orders  Artiodactyla  and  Perissodactyla  did  not  make 
an  appearance  until  the  Eocene  or  the  latest  Palaeocene  (Cifelli  1981 ).  There  is  a problem  with  the  late  Eocene 
faunas  of  North  America.  While  the  Unitan  has  commonly  been  termed  the  'late  Eocene',  it  is  now  considered 
to  be  equivalent  to  the  European  faunas  of  mid-Eocene  age  (Krishtalka  et  al.  1987).  However,  the  Duchesnean 
faunas  are  poorly  known,  and  I have  included  in  my  Duchesnean  faunal  composite  listing  (text-fig.  3)  taxa  that 
are  known  from  earlier  in  the  Eocene  and,  although  as  yet  undiscovered  in  the  Duchesnean,  survive  (or  have 
surviving  close  relatives)  in  the  Chadronian  (early  Oligocene). 

Because  no  living  members  remain  of  the  South  American  ungulate  orders,  any  conclusions  about  the  role 
of  digestive  physiology  in  their  evolutionary  diversifications  remains  highly  speculative,  and  for  this  reason  I 
have  not  considered  faunal  changes  in  South  America  in  this  paper.  Likewise,  I have  not  considered  Australia, 
mainly  because  the  Tertiary  faunas  are  still  poorly  known,  and  herbivorous  marsupials  are  not  directly 
comparable  with  ungulates.  The  late  Pleistocene  fauna  should  perhaps  be  viewed  as  the  ‘final  stage’  in  this 
pattern  of  ungulate  diversification  because  of  the  bias  in  northern  latitude  faunas  resulting  from  the  end- 
Pleistocene  extinctions  of  most  of  the  endemic  North  American  ungulates. 

The  relative  diversities  of  ungulates  were  estimated  from  the  number  of  described  species  of  ungulates  of 
higher  taxa  in  the  lumped  faunas  for  each  geographic  region.  Boucot  (1978)  has  demonstrated  that,  for  fossil 
invertebrates,  the  number  of  described  species  of  a particular  group  is  a good  estimate  of  its  abundance  and 
distribution,  and  that  assumption  has  been  made  here  for  ungulates.  A similar  approach  was  applied  by  Cifelli 
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(1981).  Moreover,  as  almost  all  ungulates  can  be  considered  ‘large’  animals  (i.e.  over  5 kg  in  body  weight),  this 
data  base  is  probably  little  biased  due  to  differential  preservation  on  the  basis  of  body  size  (Behrensmeyer  and 
Boaz  1980).  The  diversity  of  ungulate  lineages  was  broken  down  into  the  following  four  main  types  of  digestive 
physiologies  for  comparison  of  the  patterns  of  evolutionary  diversity. 

1.  Non-ruminant  ungulates:  this  includes  ungulates  with  low-crowned,  bunodont  cheek  teeth,  that  are 
presumed  to  have  a primarily  omnivorous  diet  with  little  or  no  fermentation  of  cellulose  (Janis  1979).  That  is, 
the  ‘condylarths’,  many  of  the  primitive  ‘palaeodont’  or  ‘dichobunid’  artiodactyls,  and  most  suines.  Some 
living  suines  do  have  a certain  degree  of  forestomach  fermentation  (but  do  not  chew  the  cud),  as  seen  in 
members  of  the  families  Tayassuidae  (peccaries)  and  Hippopotamidae  (Langer  1984a).  In  the  Suidae,  the 
warthog  (Phacochoerus  aethiopicus ) subsists  on  a diet  composed  primarily  of  grass  (Field  1970),  although  it 
does  not  practise  extensive  cellulose  fermentation.  However,  all  these  taxa  can  be  regarded  as  lacking  a 
specialized  system  for  cellulose  fermentation  in  comparison  with  other  ungulates. 

2.  Primitive  selenodont  artiodactyls:  this  category  is  further  subdivided  as  follows. 

a.  Artiodactyls  with  the  selenodont  type  of  lophed  cheek  teeth,  suggesting  a folivorous  (rather  than 
omnivorous)  diet,  yet  lacking  the  morphological  specializations  of  an  elongated  diastema  and  long  legs  with 
the  reduction  of  the  lateral  digits.  (These  features  appear  to  be  correlated  respectively  with  the  handling  of  a 
more  fibrous  diet  and  a greater  foraging  radius  in  camclids  and  ruminants.)  This  category  includes  the  ‘suine’ 
family  Anthracotheriidae,  the  ‘tylopod’  families  Anoplotheriidae  and  Dacrytheriidae,  the  ‘palaeodont’ 
families  Haplobunodontidae  and  Mixtotheriidae,  and  the  oreodont  families  Agriochoeridae  and  Merycoido- 
dontidae. 

b.  Families  in  the  infraorder  Tragulina  of  the  suborder  Ruminantia  which,  by  analogy  with  living  tragulids, 
probably  had  a similar  feeding  strategy  of  selective  browsing  with  little  or  no  fermentation  (Kingdon  1982). 
Members  of  other  traguloid  families  were  of  a similar  size  to  living  tragulids,  most  under  5 kg  in  body  weight, 
which  would  also  militate  against  their  evolving  full  rumination  (Janis  1976). 

c.  Other  European  early  Tertiary  ‘tylopod’  families,  the  Amphimerycidae,  Cainotheriidae  and  Xipho- 
dontidae,  containing  small,  gracile  animals  that  paralleled  the  traguloids  in  many  aspects  of  their 
morphology. 

Based  on  comparison  with  the  cranial  and  dental  morphology  of  living  ungulates  of  known  digestive 
physiology  (e.g.  Janis  in  press  a),  these  ‘primitive  selenodont’  taxa  are  assumed  to  have  had  a ‘tragulid’  type 
of  digestive  physiology.  Tragulids  have  the  capacity  to  handle  a greater  degree  of  fibre  in  the  diet  than  non- 
ruminant herbivores,  but  lack  the  full  foregut-fermentation  capacity  of  camelids  and  ruminants  (category  3). 
In  terms  of  the  absolute  number  of  species,  the  most  important  ungulates  in  this  category  are  the 
anthracotheres,  oreodonts  and  traguloids. 

3.  Ruminant  artiodactyls.  This  includes  living  and  fossil  families  in  the  infraorder  Pecora,  the  living  tylopod 
family  Camelidae,  and  the  extinct  tylopod  families  Oromerycidae  and  Protoceratidae  (which  are  closely 
related  to  the  Camelidae).  All  living  tylopod  and  ruminant  artiodactyls,  which  had  a common  late  Eocene 
ancestry  (Gazin  1955),  share  a similar  embryology  of  the  enlarged  forestomach  (Langer  1974),  as  well  as 
specialized  selenodont  cheek  teeth  typical  of  a folivorous  type  of  diet  (Webb  and  Taylor  1980).  Additionally, 
camelids  have  evolved  a type  of  forestomach  fermentation,  combined  with  cud-chewing,  similar  to  that  seen 
in  the  Pecora,  but  lacking  in  the  Tragulina  (Langer  1974).  1 have  therefore  assumed  that  the  extinct  close 
relatives  of  these  living  families  also  had  a more  fully  developed  type  of  forestomach  fermentation  than  seen 
in  the  more  bunodont  traguloids.  Additionally,  protoceratids  parallel  camelids  and  ruminants  in  many  aspects 
of  their  morphology  (Janis  1982),  and  thus  may  be  assumed  to  have  had  a similar  type  of  physiology,  although 
the  oromerycids  were  smaller  and  more  bunodont,  and  may  be  better  classified  as  ‘primitive  selenodonts’. 

4.  Hindgut  fermenters.  This  includes  the  living  and  fossil  families  of  the  extant  orders  Perissodactyla, 
Proboscidea,  and  Hyracoidea,  and  the  extinct  orders  Embrithopoda  (arsinoitheres),  Dinocerata  (uintatheres), 
and  Pantodonta.  (The  reasons  for  assuming  that  these  extinct  taxa  had  a hindgut  type  of  fermentation  system 
were  discussed  previously.) 

The  diversities  of  ungulate  faunas  of  different  digestive  feeding  strategies  were  compared  for  both  high 
latitudes  (i.e.  around  45°  N)  in  the  northern  hemisphere  (faunas  from  North  America  and  Europe)  and  for  low 
latitudes  (faunas  from  Asia  and  Africa)  (text-fig.  3).  Climatic  information  for  the  time  periods  and  geographical 
areas  examined  was  obtained  from  current  literature  sources,  using  palaeobotanical  data  (e.g.  Wolfe  1978, 
1985),  oxygen  isotope  ratios  from  marine  benthic  foraminifera  (Burchardt  1978;  Woodruff  et  at.  1981),  and 
deep-sea  sedimentary  data  (e.g.  Keller  and  Barron  1983;  Shackleton  1986).  The  time  scale  was  taken  from 
Woodburne  (1987). 
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text-fig.  3 A.  For  legend  see  p.  471 
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text-fig.  3B.  For  legend  see  p.  471. 
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text-fig.  3C.  For  legend  see  opposite. 
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RESULTS 

Text-fig.  3 summarizes  the  results  presented  in  this  section. 

Eocene 

The  world  of  the  earliest  Eocene  had  a similar  climatic  and  vegetational  regime  to  that  seen  in 
the  late  Palaeocene  (Wolfe  1985;  Wing  and  Tififney  1987),  although  the  climate  at  this  time  was 
apparently  both  warmer  and  seasonally  drier  than  that  of  the  late  Palaeocene  (Rose  1981 ; Wing  and 
Bown  1985).  Hindgut  fermenters  comprised  at  least  50%  of  the  ungulate  fauna  at  all  latitudes. 
Despite  the  fact  that  this  epoch  heralded  the  initial  radiation  of  the  orders  Artiodactyla  and 


text-fig.  3.  Summary  of  percentages  of  ungulate  species  of  different  dietary  types  (expressed  in  percentages  of 
the  total  number  of  ungulate  species  in  the  fauna)  in  different  geographic  areas  during  the  Cenozoic  (taken 
from  Savage  and  Russell,  1983).  key:  B,  Little  or  no  fermentation;  0,  hindgut  fermentation;  □,  primitive 
selenodonl  artiodactyls  (?  some  forestomach  fermentation);  H,  ruminating  artiodactyls  (forestomach 
fermentation  plus  cud-chewing)  (see  text  for  further  explanation  of  dietary  categories,  and  assignation  of 
ungulate  taxa). 

Launal  horizons  are  as  follows:  Early  Eocene  (52  M.Y.B.P.):  North  America:  Composite  Wasatchian 
(Greybullian)  fauna.  Europe:  Composite  Sparnacian  fauna.  Asia:  Composite  faunas  from  China.  Africa:  No 
fauna.  Middle  Eocene  (49  M.Y.B.P.)  : North  America:  Composite  Bridgerian  fauna.  Europe:  Composite 
Lutetian  fauna.  Asia:  Composite  faunas  from  North  India  and  Pakistan.  Africa:  Gouiret-el-Azib  fauna 
(Algeria).  Late  Eocene  (40  M.Y.B.P.):  North  America:  Composite  Duchesnean  fauna.  Europe:  Composite 
Headonian  fauna.  Asia:  Composite  faunas  from  India  and  South  China.  Africa:  No  fauna.  Early  Oligocene 
(34  M.Y.B.P.)  : North  America:  Composite  Chadronian  fauna.  Europe:  Composite  Suevian  fauna.  Asia: 
Composite  faunas  from  North  China  and  Mongolia.  Africa:  Fayum  fauna  (Egypt).  Mid  Oligocene  (Early  Late 
Oligocene)  (31  M.Y.B.P.):  North  America:  Composite  Orellan  fauna.  Europe:  Composite  mid-Oligocene 
faunas  (Antoignt,  La  Ferte-Alais  and  Montalban).  Asia:  Composite  faunas  from  China,  Kazakhstan  and 
Mongolia.  Africa:  No  fauna.  Late  late  Oligocene  (28  M.Y.B.P.):  North  America:  Composite  early  Arikareean 
fauna.  Europe:  Composite  Chattian  fauna.  Asia:  No  fauna.  Africa:  No  fauna. 

Early  Early  Miocene  (22  M.Y.B.P.):  North  America:  Composite  late  Arikareean  fauna.  Europe:  Composite 
Agenian  fauna.  Asia:  Composite  Oligo-Miocene  fauna  ( = ‘ Aquitanian ’)  from  China,  Kazakhstan,  and 
Mongolia.  Africa:  Early  Rusinga  fauna  (East,  North  and  Southwest  Africa).  Late  Early  Miocene 
(18  M.Y.B.P.)  : North  America:  Composite  Hemingfordian  fauna.  Europe:  Composite  Orleanian  fauna.  Asia: 
Composite  fauna  of  Agnean/Orleanian  equivalent  from  Burma,  China,  Kazakhstan,  Mongolia,  Pakistan  and 
Burma.  Africa:  Rusinga  fauna  (Egypt,  Kenya  and  North  Africa).  Middle  Miocene  (14  M.Y.B.P.):  North 
America:  Composite  Barstovian  fauna.  Europe:  Composite  Astaracian  fauna.  Asia:  Composite  fauna  of 
Astaracian  equivalent  from  Burma,  China,  India,  Kazakhstan,  Mongolia  and  Pakistan.  Africa:  Composite 
Ternian  fauna  (East  and  North  Africa).  Early  Late  Miocene  (10  M.Y.B.P.):  North  America:  Composite 
Clarendonian  fauna.  Europe:  Composite  Vallesian  fauna.  Asia:  Composite  fauna  of  Vallesian  equivalent  from 
China  and  Pakistan.  Africa:  Composite  Ngororan  fauna  (East  and  North  Africa).  Late  Late  Miocene 
(7  M.Y.B.P.)  : North  America:  Composite  Hemphillian  fauna.  Europe:  Composite  Turolian  fauna.  Asia: 
Composite  fauna  of  Turolian  equivalent  from  Afghanistan,  Burma,  China,  Kazakhstan,  Mongolia  and 
Pakistan.  Africa:  Composite  Lothaganian  fauna  (East  and  North  Africa). 

Early  Pliocene  (4  M.Y.B.P.):  North  America:  Composite  Blancan  I fauna.  Europe:  Composite  Ruscinian 
fauna.  Asia:  Composite  fauna  of  Ruscinian  equivalent  from  China  and  Turkey.  Africa:  Composite 
Langebaanian  fauna  (East,  North  and  South  Africa).  Late  Pliocene  (2-5  M.Y.B.P.):  North  America: 
Composite  Blancan  III  and  IV  faunas.  Europe:  Composite  Villafranchian  fauna.  Asia:  Composite  fauna  of 
Villafranchian  equivalent  from  China,  India,  Israel  and  Pakistan.  Africa:  Composite  Makapanian  fauna  (East, 
North  and  South  Africa).  Early  Pleistocene  (1-5  M.Y.B.P.):  North  America:  Composite  Irvingtonian  fauna. 
Europe:  Composite  Biharian  fauna.  Asia:  Composite  fauna  of  Biharian  equivalent  from  China.  Africa: 
Composite  faunas  from  East  and  South  Africa:  Koobi  Fora  (upper  member),  Kromdraai,  Olduvai  II  IV, 
Shungura  and  Upper  Sterkfontein.  Late  Pleistocene  (0-5  M.Y.B.P.):  North  America:  Composite 
Rancholabrean  fauna.  Europe:  Composite  Steinheimian  fauna.  Asia:  Composite  late  Pleistocene  fauna  (East 
Asia).  Africa:  Composite  late  Pleistocene  fauna  (East,  North  and  South  Africa).  Recent:  Faunal  data  obtained 
from  Walker  (1983). 
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Perissodactyla,  the  faunas  were  still  dominated  by  pantodonts  and  uintatheres,  and  additionally  by 
condylarths  in  northern  latitudes.  A global  warming  had  occurred  by  the  start  of  the  middle  Eocene, 
resulting  in  a climate  that  was  fairly  uniform  globally,  with  high  average  temperatures  and  little 
range  in  the  temperature  means  (Burchardt  1978;  Wolfe  1978,  1985).  However,  in  the  early  middle 
Eocene  there  was  a drop  in  global  temperature  from  the  Tertiary  maximum  at  the  start  of  this  time 
period  (Shackleton  1986). 

At  the  latitude  of  approximately  45°,  the  dominant  vegetation  of  the  middle  Eocene  was  a tropical 
type  of  broad-leaved  evergreen  multi-storied  forest,  and  the  flora  of  the  early  middle  Eocene  of 
England  contained  the  largest  proportion  of  tropical  elements  seen  in  the  Tertiary  (Collinson  1983). 
The  middle  Eocene  faunas  contained  mammals  similar  to  those  restricted  today  to  the  tropical 
forests  of  equatorial  regions  (e.g.  primates  and  dermopterans),  and  a large  proportion  of  small  and 
arboreal  mammals  in  general  (Collinson  and  Hooker  1987).  However,  it  should  be  noted  that 
present-day  equatorial  forests  do  not  support  the  Eocene  diversity  of  small  to  medium-sized 
terrestrial  folivores,  suggesting  that  these  Eocene  ‘tropical'  forests  were  not  directly  comparable  to 
those  of  the  present  day.  Both  plant  and  animal  diversity  of  these  forests  was  high,  suggesting  high 
vegetational  biomass  and  high  levels  (but  seasonal  distribution)  of  rainfall  (Wolfe  1985).  Higher- 
and  lower-latitude  ungulate  faunas  in  the  middle  Eocene  were  similar,  with  hindgut  fermenters 
again  comprising  at  least  50%  of  the  total  ungulate  fauna.  Ruminant  artiodactyls  were  not  present 
until  the  late  middle  Eocene,  and  primitive  selenodonts  were  the  only  folivorous  artiodactyls  for 
most  of  this  time  period.  The  non-fermenting  ungulates  were  primarily  represented  by  the 
palaeodont  artiodactyls,  and  the  diversity  of  condylarths  showed  considerable  decline  over  the 
faunas  of  the  early  Eocene.  The  later  middle  Eocene  vegetation  was  less  tropical  in  aspect  than  that 
of  the  early  and  early  middle  Eocene,  suggesting  a more  open  habitat  (MacGinitie  1969;  Collinson 
and  Hooker  1987),  which  might  explain  the  reduction  in  diversity  of  the  more  omnivorous 
condylarths,  and  the  radiation  of  the  more  folivorous  perissodactyls  in  the  higher  latitudes. 

The  late  Eocene  climate  was  cooler  than  that  of  the  middle  Eocene  (Shackleton  1986).  Sclerophyll 
taxa  first  appeared  in  vegetational  assemblages  in  southwestern  North  America  and  southwestern 
Asia  at  this  time,  suggesting  some  seasonal  aridity  and  the  possible  emergence  of  a scrub  type  of 
vegetation  in  certain  areas  (Singh  1988).  In  England,  there  was  a large  reduction  in  the  numbers  of 
smaller  and  frugivorous  mammals,  with  an  increase  in  the  numbers  of  ungulates  possessing  lophed 
cheek  teeth,  which  suggests  a habitat  consisting  of  a more  fibrous  type  of  vegetation  (Collinson  and 
Hooker  1987).  The  proportion  of  hindgut  fermenters  in  the  higher-latitude  faunas  dropped  from 
around  60%  to  around  40%  between  the  middle  and  late  Eocene,  with  an  especially  profound  drop 
in  Europe.  Cameloids  made  their  first  appearance  in  North  America  at  the  end  of  the  middle 
Eocene,  ‘gelocids’  first  appeared  in  Europe  at  the  start  of  the  late  Eocene,  and  primitive  selenodont 
artiodactyls  (primarily  oreodonts  in  North  America  and  anthrocotheres  in  the  Old  World)  showed 
a considerable  increase  in  diversity  over  the  situation  in  the  middle  Eocene  faunas.  However, 
vegetation  in  the  lower  latitudes  showed  little  change  at  this  time  (Wolfe  1985),  and  the  Asian  faunas 
of  South  China  and  Burma  still  maintained  a high  (almost  60%)  variety  of  hindgut  fermenters, 
represented  by  a diversity  of  rhinocerotoids  and  tapiroids,  despite  a radiation  of  traguloids  and 
anthracotheres. 

At  the  end  of  the  Eocene,  both  oxygen  isotope  data  (Burchardt  1978)  and  palaeobotanical  data 
(Wolfe  1978,  1985;  Collinson  et  al.  1981)  suggest  a sudden  and  profound  climatic  change  in  the 
northern  hemisphere.  Most  significantly,  a rise  in  the  annual  temperature  range  would  have  resulted 
in  less  equable  winters  (Collinson  el  al.  1981 ; Wolfe  1978).  There  may  have  been  winter  frosts,  and 
there  were  certainly  profound  seasonal  differences  in  the  availability  and  abundance  of  vegetation 
[see  Prothero  (1985)  and  Singh  (1988)  for  a review  of  the  possible  causal  mechanisms  for  this 
climatic  change].  Prothero  (1985)  provides  faunal  evidence  for  a more  gradual  pattern  of  extinction 
in  the  northern  latitudes  throughout  the  late  Eocene,  suggesting  a less  abrupt  climatic  change,  and 
Shackleton  (1986)  points  out  that  the  profound  ‘climatic  event’  of  the  Eocene/Oligocene  boundary 
actually  postdates  the  late  Eocene  faunal  changes. 
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Oligocene 

During  the  Oligocene,  the  vegetation  in  latitudes  35-50°  N consisted  of  microthermal  broad-leaved 
deciduous  forests,  a vegetational  type  previously  unknown  (Wolfe  1985).  The  global  ungulate 
faunas  of  the  early  Oligocene  were  similar  to  those  of  the  late  Eocene,  even  with  a slight  increase 
in  the  relative  numbers  of  hindgut  fermenters.  In  England,  there  was  a further  decrease  in  the 
number  of  small  and  arboreal  mammals,  both  this  and  the  palaeobotanical  data  suggesting  a slightly 
more  open  habitat  than  present  in  the  late  Eocene  (Collinson  and  Hooker  1987).  However,  between 
the  early  and  mid  (early  late)  Oligocene  the  number  of  hindgut  fermenters  in  the  high-latitude 
faunas  fell  drastically  to  around  25%  of  the  fauna,  accompanied  by  an  increase  in  the  relative 
numbers  of  primitive  selenodont  artiodactyls.  Although  the  Asian  faunas  at  this  time  also  showed 
a slight  decrease  in  the  numbers  of  hindgut  fermenters,  this  does  not  represent  a substantial  drop 
below  the  middle  Eocene  values.  Prothero  (1985)  provides  evidence  for  a second  wave  of  general 
mammalian  extinctions  and  higher-latitude  climatic  deterioration  at  this  mid-Oligocene  time.  Late 
late  Oligocene  faunas  are  known  only  from  North  America  and  Europe.  The  European  faunas 
showed  a similar  number  of  ungulates  of  various  types  to  mid-Oligocene  faunas,  although 
ruminants  were  more  abundant.  The  very  low  percentage  of  hindgut  fermenters,  and  the  very  high 
percentage  of  primitive  selenodonts,  in  North  America  during  this  time  is  probably  an  artifact  of 
the  method  of  data  collection  by  species  counting,  as  the  number  of  oreodont  species  (here 
representing  76%  of  the  fauna)  is  probably  overestimated  by  a factor  of  2 or  3 (Lander  1977), 
although  there  is  no  doubt  that  oreodonts  were  exceedingly  abundant.  Thus  the  real  percentage 
diversity  difference  between  North  American  and  European  faunas  at  this  time  (and  also  in  the 
earliest  Miocene)  was  probably  considerably  less  than  presented  in  text-fig.  3. 

The  drop  in  the  numbers  of  hindgut  fermenters  in  the  higher-latitude  faunas  during  the  Oligocene 
represents  the  extinction  of  several  perissodactyl  families  (text-fig.  1).  However,  the  Asian  faunas 
retained  an  abundance  of  rhinocerotoids.  Throughout  the  Oligocene  in  the  northern  hemisphere, 
there  was  a reduction  in  the  diversity  of  non-fermenting  ungulates,  and  suines  were  substituted  in 
this  category  for  ‘condylarths’  and  primitive  artiodactyls.  Although  ruminating  artiodactyls  were 
present  in  both  North  America  and  Eurasia  during  the  Oligocene,  they  did  not  radiate  to  comprise 
a large  proportion  of  the  ungulate  faunas  during  this  epoch.  The  main  Oligocene  artiodactyl 
radiation  was  of  the  primitive  selenodonts,  oreodonts  in  North  America  and  anthracotheres  in  the 
Old  World,  although  traguloids  also  diversified  across  the  Northern  Hemisphere.  These  primitive 
selenodont  artiodactyls  expanded  at  the  apparent  expense  of  the  non-fermenting  ungulates  in  the 
lower  latitudes,  and  at  the  expense  of  both  non-fermenting  and  hindgut-fermenting  ungulates  in  the 
higher  latitudes. 

Miocene 

Temperatures  increased  world-wide  during  the  early  Miocene,  with  the  latest  early  Miocene 
representing  the  thermal  maximum  of  the  Neogene  (Burchardt  1978;  Wolfe  1978,  1985;  Woodruff 
et  at.  1981 ; Keller  and  Barron  1983;  Singh  1988).  However,  at  the  start  of  the  middle  Miocene  there 
was  a profound  drop  in  global  temperatures  (Singh  1988).  Additionally,  there  was  an  increase  in  the 
latitudinal  temperature  gradient,  which  would  have  produced  an  intensified  subtropical  high- 
pressure  system,  with  a change  in  precipitation  patterns  resulting  in  summer  drought  along  the 
western  sides  of  continents,  and  low-biomass  vegetation  types  (savanna  and  steppe)  appeared  for 
the  first  time  in  both  higher  and  lower  latitudes  (Wolfe  1985;  Singh  1988).  Elevation  of  mountain 
ranges  at  this  time  (e.g.  the  Himalayas,  the  Rockies,  and  the  East  African  ridge  system)  would  also 
have  resulted  in  a continental  rain-shadow  effect  (Wolfe  1985).  A further  temperature  drop  occurred 
at  the  start  of  the  late  Miocene,  and  there  was  an  expansion  of  vegetation  typical  of  open  and  arid 
habitats,  a floral  change  that  was  especially  marked  in  Africa  owing  to  the  elimination  of  the  Tethys 
sea  at  this  time  (Singh  1988).  Late  Miocene  faunal  changes  in  Pakistan  (Barry  et  al.  1985),  southern 
Europe  (Gabunaia  and  Chochieva  1982)  and  North  America  (Janis  1982;  Webb  1983)  also  indicate 
a change  from  a woodland  savanna  to  an  increasingly  open  and  drier  prairie  type  of  habitat.  Floral 
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evidence  suggests  that  intense  Arctic  cold  fronts  affected  the  North  American  vegetation  by  the  latter 
part  of  the  Miocene  (Wolfe  1985),  and  widespread  grasslands  were  seen  both  in  North  America 
(Chaney  and  Elias  1936;  Stebbins  1981)  and  in  northwest  China  (Li,  in  Wolfe  1985). 

The  earliest  Miocene  faunas  had  a greater  diversity  of  hindgut  fermenters  in  all  latitudes  than  in 
the  mid  to  late  Oligocene,  possibly  correlating  with  the  global  warming.  However,  a profound 
decrease  in  their  abundance  occurred  in  the  lower  latitudes  in  the  late  early  Miocene;  by  the  middle 
Miocene,  hindgut  fermenters  comprised  only  around  30%  of  the  total  ungulate  fauna  in  more 
equatorial  regions,  resembling  the  condition  seen  in  the  higher  latitudes  at  the  start  of  the  Miocene. 
However,  the  proportion  of  hindgut  fermenters  then  remained  more  or  less  constant  in  all  latitudes 
throughout  the  rest  of  the  epoch,  although  a certain  amount  of  fluctuation  (both  up  and  down)  was 
seen  in  different  regions.  Ruminant  artiodactyls  initially  radiated  and  diversified  in  the  Miocene, 
with  the  Bovidae  first  appearing  in  the  late  early  Miocene  (Ginsburg  and  Heintz  1968). 

Looking  only  at  the  change  in  ungulate  faunal  diversity  in  the  lower  latitudes,  one  might  interpret 
the  diversity  changes  as  a radiation  of  the  ruminants,  resulting  in  a decrease  in  the  diversity  of 
hindgut  fermenters.  However,  in  the  North  American  late  Miocene  faunas,  an  even  greater 
radiation  of  ruminant  artiodactyls  is  actually  accompanied  by  a considerable  increase  in  the 
proportion  of  hindgut  fermenters,  reflecting  for  the  most  part  an  increase  in  the  diversity  of  equids 
with  high-crowned  (hypsodont)  cheek  teeth,  presumably  grazers,  and  the  influx  of  proboscideans 
from  the  Old  World.  The  ungulates  that  suffered  the  most  profound  reduction  in  numbers  and 
diversity  worldwide  in  the  middle  Miocene  were  the  primitive  selenodont  artiodactyls.  They  fell  to 
around  3 % of  the  ungulate  fauna  worldwide  by  the  early  late  Miocene,  were  completely  absent 
from  higher  latitudes  by  the  start  of  the  Pliocene,  and  today  are  represented  only  by  four  tragulid 
species  in  the  Old  World  tropics.  The  radiation  of  the  ruminant  artiodactyls  in  the  Neogene 
appeared  to  occcur  more  at  the  expense  of  the  less  specialized  anthracotheres,  oreodonts,  and 
traguloids  than  of  the  hindgut  fermenters. 

Although  the  spread  of  a savanna  type  of  vegetation  in  the  middle  Miocene  between  0 and 
50°  N would  have  affected  both  high  and  low  latitudes,  this  vegetational  change  indicates  the  first 
significant  occurrence  of  high  levels  of  seasonality  on  the  lower-latitude  floras  and  faunas,  with 
seasonality  in  precipitation  affecting  the  availability  of  vegetation  to  the  ungulates  on  a year-round 
basis.  At  this  time,  the  proportion  of  hindgut  fermenters  in  the  lower  latitudes  dropped  below  50% 
of  the  total  ungulate  fauna  for  the  first  time  during  the  Tertiary.  Moreover,  the  change  in  the 
abundance  of  hindgut  fermenters  in  the  lower  latitudes,  following  the  early  middle  Miocene  drop 
in  global  temperature,  and  the  onset  of  seasonality  in  precipitation  in  the  lower  latitudes,  almost 
exactly  paralleled  the  events  in  the  higher  latitudes  that  followed  the  onset  of  temperature 
seasonality  in  the  late  Eocene  and  mid-Oligocene.  The  fact  that  higher-latitude  faunas  did  not  suffer 
a further  decrease  in  numbers  of  hindgut  fermenters  in  the  mid-Miocene  suggests  that  those 
remaining  taxa  in  the  early  Neogene  were  already  adapted  to  a seasonal  climatic  regime.  Thus,  it 
would  seem  that  it  is  the  inital  onset  of  seasonality,  whether  of  temperature  or  of  rainfall,  that  has 
an  effect  on  the  diversity  of  hindgut  fermenters  in  the  ungulate  faunas,  reducing  their  relative 
abundance  from  around  60%  of  the  fauna  to  around  35%.  Lurther  types  of  seasonality  do  not 
appear  to  affect  these  already  ‘adapted’  faunas,  at  least  in  terms  of  the  relative  numbers  of  species 
of  ungulates  with  this  type  of  digestive  physiology,  although  a general  decline  of  hindgut  fermenters 
to  around  25%  of  the  fauna  in  all  latitudes  was  seen  with  the  further  climatic  deterioration  of  the 
later  Cenozoic  (see  below). 

Plio-Pleistocene 

Following  the  Miocene,  global  climate  was  characterized  by  increased  cooling  and  drying  in  the 
higher  latitudes.  By  this  time  there  was  an  extensive  ice  cap  in  the  Antarctic,  with  ocean 
temperatures  approaching  those  seen  today  (Woodruff  et  al.  1981),  and  corresponding  changes  in 
the  type  of  grasses  comprising  the  dominant  floral  elements  in  the  higher  latitudes  (Stebbins  1981). 
The  numbers  of  hindgut  fermenters  in  both  higher-  and  lower-latitude  faunas  were  somewhat  lower 
in  the  early  Pliocene  in  comparison  with  the  latest  Miocene,  and  showed  a further  decline 
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throughout  the  Plio-Pleistocene  from  around  40%  to  around  25%  of  the  total  ungulate  fauna, 
while  the  numbers  of  ruminants  showed  a corresponding  rise  (from  around  50%  to  around  62%). 
However,  this  decline  may  not  be  directly  attributable  to  ruminant  competition.  For  example,  in 
Africa  there  is  little  proportional  increase  in  the  number  of  ruminant  species  from  the  late  Miocene 
to  late  Pliocene,  and  the  decrease  in  the  numbers  of  hindgut  fermenters  is  accompanied  by  an 
increase  in  the  numbers  of  suids  of  modern  aspect. 

As  previously  mentioned,  the  late  Pleistocene  may  be  viewed  as  the  ‘end  point’  in  this 
evolutionary  pattern  of  ungulate  diversification.  The  late  Pleistocene  extinctions  eliminated  almost 
all  the  endemic  ungulates  in  North  America,  including  the  hindgut-fermenting  equids  and 
proboscideans,  and  the  present-day  ungulate  fauna  is  certainly  not  representative  of  the  evolutionary 
history  of  that  continent.  The  Pleistocene  extinctions  in  the  Old  World  eliminated  most  of  the  large 
species,  including  the  majority  of  the  rhinos  and  proboscideans,  resulting  in  the  extremely  low 
numbers  of  species  of  hindgut  fermenters  (in  comparison  with  the  rest  of  the  Cenozoic)  seen  in  lower 
latitudes  today.  Demment  and  Van  Soest  (1985)  provide  a physiological  explanation  for  the  fact 
that  the  largest  ungulates  are  generally  hindgut  fermenters,  and  Guthrie  (1984)  provides  an 
explanation  for  the  vulnerability  of  hindgut  fermenters  to  the  climatic  and  vegetational  changes  at 
the  end  of  the  Pleistocene.  However,  it  shold  be  remembered  that,  while  present-day  hindgut 
fermenters  may  be  of  low  species  diversity,  they  still  represent  a large  percentage  of  the  total  number 
of  individuals  and  the  total  biomass  of  tropical  ungulate  faunas  (Bell  1982).  Additionally,  because 
their  digestive  physiology  allows  them  to  feed  more  selectivity,  ruminants  are  more  speciose  in  any 
given  environment  than  hindgut  fermenters  of  similar  dietary  type  (Owen-Smith  1985).  Thus  the 
relatively  low  species  diversity  of  hindgut  fermenters  at  present  should  perhaps  not  be  considered 
as  so  much  of  an  evolutionary  disaster  as  a simple  comparison  of  species  numbers  might  suggest. 


DISCUSSION 

Evolutionary  patterns  of  ungulate  diversity 

The  data  presented  here  do  not  support  the  hypothesis  that  hindgut  fermenters  were  replaced  over 
evolutionary  time  in  an  ecologically  competitive  sense  by  ruminant  artiodactyls  for  the  following 
reasons.  Firstly,  the  initial  decrease  in  the  proportion  of  hindgut  fermenters  in  higher  latitudes  was 
not  accompanied  by  an  immediate  increase  in  the  numbers  of  ruminants;  rather,  there  was  a 
diversification  of  primitive  selenodont  artiodactyls  that  probably  lacked  a complex  system  of 
fermentation.  Secondly,  hindgut  fermenters  experienced  a worldwide  rise  in  diversity  at  the  time  of 
global  warming  at  the  start  of  the  Miocene,  despite  the  radiation  of  ruminant  artiodactyls 
throughout  the  Oligocene.  Thirdly,  the  increase  in  the  percentage  of  ruminants  in  higher-latitude 
faunas  during  the  Miocene  was  not  inevitably  accompanied  by  a decrease  in  the  proportion  of 
hindgut  fermenters;  in  contrast,  the  percentage  of  hindgut  fermenters  actually  increased  in  North 
America,  and  the  most  significant  decrease  was  in  the  numbers  and  proportional  representation  of 
primitive  selenodont  artiodactyls  (the  latter  event  was  also  paralleled  in  the  lower-latitude  faunas). 

However,  the  data  do  suggest  that  the  diversity  of  hindgut  fermenters  depends  on  climatic  and 
vegetational  factors,  and  that  climates  of  low  seasonality  are  able  to  support  a greater  diversity  of 
hindgut  fermenters  than  are  highly  seasonal  climates,  whether  this  seasonality  is  manifested  in  terms 
of  temperature  or  precipitation,  or  of  both  factors.  This  low  versus  high  seasonality  difference  in  the 
diversity  of  hindgut  versus  foregut  fermenters  is  seen  to  hold  true  today  for  all  mammalian 
herbivores  (Langer  1984b),  although  equids  alone  out  of  the  range  of  hindgut  fermenters  appear  to 
be  well  adapted  to  a seasonal  regime,  provided  that  the  absolute  quantity  of  food  is  not  limiting. 
Why  should  the  type  of  vegetation  found  in  low-seasonality  climates  support  a greater  diversity  of 
hindgut  fermenters,  while  vegetation  typical  of  climates  with  a greater  degree  of  seasonality 
apparently  promoted  the  diversification  of  ruminant  artiodactyls?  The  answer  may  lie  in  the 
different  mode  of  food  selection  between  foregut  and  hindgut  fermenters. 
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Ecological  consequences  of  different  digestive  strategies 

Hindgut  fermenters  rely  on  bulk-processing  large  quantities  of  food  to  make  maximal  use  of  a 
fibrous  diet  (Janis  1976).  Van  Soest  (1982)  terms  them  ‘cell  content  specialists’,  in  that  they  rely  on 
mechanical  measures  (mastication)  to  release  cell  contents  orally,  which  are  then  digested  before  the 
site  of  fermentation  in  the  stomach  and  small  intestine.  The  remaining  cellulose  is  then  fermented 
in  the  caecum  and  colon  but,  as  this  strategy  depends  on  a large  throughput  of  material,  the  food 
in  not  retained  for  a great  length  of  time,  and  the  digestion  of  forage  is  not  complete  (Janis  1976). 
Grazing  ruminant  artiodactyls,  at  least,  are  ‘cell  wall  specialists’  (Van  Soest  1982),  retaining  fibrous 
vegetation  for  a longer  period  of  time  in  the  foregut  site  of  fermentation,  and  making  maximal  use 
of  the  energy  contained  in  the  cellulose  of  the  plant  cell  wall. 

In  a comparison  of  grazing  ruminant  artiodactyls  (domestic  bovids)  and  hindgut  fermenters 
(equids)  it  is  apparent  that,  although  a ruminant  can  ingest  less  food  per  day  than  a hindgut 
fermenter  of  similar  body  size,  it  must  retain  the  food  for  longer,  and  so  the  amount  of  food  that 
can  be  ingested  per  day  is  more  limited.  This  is  probably  due,  at  least  in  part,  to  the  reticulo-omasal 
orifice  in  the  ruminant  stomach,  which  limits  the  rate  at  which  the  food  can  pass  from  the  rumen 
to  the  rest  of  the  digestive  system  (Janis  1976),  although  the  exact  mechanism  for  food  retention  in 
the  ruman  is  not  fully  understood  (Demment  and  Van  Soest  1985).  Smaller,  more  selectively  feeding 
ruminants  may  have  a more  rapid  rate  of  food  passage  (Hoppe  et  al.  1977;  Hofmann  1985),  but 
there  is  no  comparable  living  perissodactyl  for  study.  Tapirs  and  equids,  which  are  of  similar  body 
size,  have  similar  rates  of  passage,  and  both  reduce  this  rate  when  switched  from  a diet  of  coarse 
hay  to  one  of  lesser  fibre  content  (Foose  1982).  Hay  is  hardly  a natural  diet  for  the  browsing  tapirs, 
but  this  experiment  suggests  that  perissodactyls  may  also  reduce  the  retention  time  of  the  digesta 
if  feeding  more  selectively.  Thus  it  remains  a likely  hypothesis  that  a ruminant  cannot  process  as 
much  food  in  a given  time  period  as  a hindgut  fermenter  of  similar  body  size  and  dietary  type. 

In  present-day  habitats  of  low  seasonality,  the  foliage  is  generally  of  poorer  quality  (i.e. 
containing  a higher  proportion  of  cellulose),  and  the  distribution  of  cellulose  between  the  different 
parts  of  the  plant  is  fairly  uniform  (i.e.  the  leaf  has  a similar  cellulose  content  to  the  stem).  In  more 
seasonal  habitats,  where  plants  ‘expect’  to  lose  their  leaves  during  the  course  of  the  year,  plants 
invest  less  in  heavy  structural  or  chemical  protection  of  the  leaves,  and  the  leaves  are  generally  more 
palatable  and  contain  less  fibre  (Minson  and  McLeod  1970;  Deinum  and  Dirven  1975).  In  addition, 
grasses  (more  typical  vegetation  in  areas  with  a seasonal  distribution  of  precipitation)  protect  their 
leaves  less  completely  than  do  dicotyledonous  plants,  as  the  growing  point  is  at  the  base  (rather  than 
at  the  apex).  Thus  grass  leaves  are  less  protected  from  herbivore  consumption  than  are  trees  and 
shrubs.  (It  is  common  knowledge  that  pruning  trees  and  clipping  shrubs  tends  to  keep  them  at  bay 
for  the  season,  whereas  the  more  one  mows  the  lawn,  the  faster  it  grows!) 

Although  tropical  vegetation  of  high  cellulose  content  may  initially  appear  more  suitable  for  a 
ruminant  ‘cell  wall  specialist’  type  of  digestive  strategy,  large  amounts  of  plant  material  would  have 
to  be  processed  per  day  in  order  to  obtain  enough  protein  and  other  cell-content  nutrients.  (The 
more  fibrous  the  plant,  the  greater  the  proportion  of  cell  wall  to  cell  contents.)  While  more 
selectively  feeding  ruminants  may  be  able  to  increase  their  food  intake  and  rate  of  digestion  to  a 
certain  extent  (Hofmann  1984,  1988),  hindgut  fermenters  seem  to  be  better  able  to  maintain  high 
levels  of  intake  on  a fibrous  diet  (Hume  1984),  and  it  remains  true  that  living  ruminants  apparently 
fare  poorly  on  tropical  dicotyledonous  material  (Demment  and  Van  Soest  1985).  Today,  ruminants 
are  conspicuously  rare  as  folivores  in  tropical  forests. 

Present-day  ruminants  are  best  able  to  function  in  seasonal  habitats,  especially  in  extremely 
seasonal  environments  where  the  abundance  of  vegetation  is  severely  reduced,  because  of  their 
superior  ability  to  make  maximal  use  of  a limited  quantity  of  vegetation.  Present-day  hindgut 
fermenters  specialize  on  tropical  browse  (tapirs  and  the  smaller  rhinos),  or  on  the  fibrous  parts  of 
grasses  (equids),  whereas  the  more  intermediate  hindgut  feeders  are  of  very  large  body  size,  over 
1500  kg  (elephants  and  larger  rhinos).  [Van  Soest  (1982)  has  demonstrated  that  the  ruminant 
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digestive  physiology  confers  no  nutritional  advantage  over  hindgut  fermentation  at  body  sizes 
above  1000  kg.]  No  small  ruminants  (under  15  kg)  subsists  on  a diet  of  fibrous  vegetation,  but 
certain  hindgut-fermenting  hyraxes  and  lagomorphs  fare  well  on  a fairly  exclusive  grass  diet. 

Climatic  explanation  of  ungulate  evolutionary  patterns 

The  following  evolutionary  scenario  may  be  proposed,  considering  the  physiological  explanations 
behind  the  diversity  of  body  sizes,  feeding  types  and  habitat  distribution  of  present-day  hindgut  and 
foregut  fermenters. 

The  worldwide  forests  of  a low-seasonality  regime  of  the  middle  Eocene  supported  a large 
diversity  of  hindgut  fermenters  of  small  to  medium  body  size;  tapiroids  in  North  America  and 
Eurasia,  equids  in  North  America  and  Europe,  and  palaeotheres  in  Europe.  The  change  to  greater 
levels  of  seasonality  in  higher  latitudes,  because  of  climatic  changes  during  the  late  Eocene  and  early 
Oligocene,  restricted  their  diversity.  Families  that  survived  must  have  been  able  to  cope  with  seasons 
when  herbage  was  sparse  or  unavailable.  Rhinos,  first  appearing  in  the  middle  Eocene,  were  initially 
small  animals,  but  by  the  Oligocene  were  of  larger  body  size,  better  able  to  withstand  a seasonal 
decrease  in  vegetation  availability.  Chalicotheres  and  equids  also  increased  in  body  size.  Tapiroids, 
with  the  exception  of  the  specialized  larger  browsing  forest  tapirids,  became  extinct  in  higher 
latitudes.  Many  ungulates  showed  changes  in  dental  morphology  suggestive  of  an  increase  in  the 
dietary  fibre  content  (Collinson  and  Hooker  1987).  Although  brontotheres  and  palaeotheres  also 
showed  an  increase  in  body  size  in  the  early  Oligocene,  their  dental  wear  suggests  that  they  were 
heavily  dependent  on  fruit  in  the  diet  (Janis  1979).  The  fact  that  these  forms  survived  the  end  of  the 
Eocene,  while  the  large-bodied  uintatheres  and  pantodonts  did  not,  suggests  that  perissodactyls 
may  have  had  some  superiority  of  digestive  physiology  over  the  original  Palaeogene  ungulate 
radiation.  In  any  event,  these  perissodactyl  groups  did  not  survive  the  Oligocene  epoch,  possibly  as 
the  result  of  the  decrease  in  availability  of  fruit  on  a year-round  basis.  The  differential  survival  of 
equids  in  North  America  and  Europe  at  this  time  is  problematical,  and  may  be  related  to 
geographical  differences  in  habitat  (Janis  1982).  In  contrast,  the  lower-latitude  Asian  faunas 
retained  a diversity  of  medium-sized  perissodactyls  (mainly  rhinocerotoids)  throughout  the 
Oligocene  epoch  and  the  early  Miocene. 

The  late  Eocene  to  early  Miocene  saw  the  emergence  of  a diversity  of  primitive  selenodont 
artiodactyls.  The  traguloids,  and  the  traguloid-mimicking  European  tylopods,  were  all  of  small 
body  size  and  presumably  were  able  to  sustain  themsevles  on  a selective  browsing  diet  with  little 
fermentation.  It  is  interesting  to  consider  the  question  of  why  perissodactyls  did  not  retain  a smaller 
body  size  at  this  point  in  time,  and  adapt  to  this  type  of  feeding  niche  (a  possible  traguloid  parallel 
did  in  fact  exist  in  the  form  of  the  late  Eocene  long-legged  deperetellid  tapiroids  of  Asia).  Possibly 
a lineage  committed  to  extensive  hindgut  fermentation  might  be  less  able  to  adopt  a selective- 
browsing  foraging  strategy  than  small,  initially  omnivorous,  artiodactyls.  Alternatively,  the 
uniquely  specialized  double-pulley  astragalus  of  artiodactyls  (Schaeffer  1947)  might  have  conferred 
a locomotory  advantage  in  animals  of  small  body  size.  The  Oligocene  success  of  the  larger-sized 
oreodonts  and  anthracotheres  may  have  been  the  result  of  an  ability  to  utilize  a wider  spatial  variety 
of  food  resources,  by  virtue  of  the  retention  of  more  scansorial  types  of  postcranial  adaptations. 

The  higher  ruminant  lineages  that  emerged  in  the  late  Eocene  and  early  Oligocene  were 
characterized  by  the  progressive  development  of  cursorial  limbs,  reflected  in  the  lengthening  and 
fusion  of  the  metapodials  and  the  development  of  a compact,  parallel-sided  astragalus  (Webb  1977 ; 
Webb  and  Taylor  1980).  Such  morphological  changes  could  reflect  the  adoption  of  a more  open 
type  of  habitat,  and/or  of  a greater  foraging  radius  for  suitable  food  items  (Janis  1982,  in  press  b). 
Similar  morphological  changes  took  place  in  the  limbs  of  Oligocene  equids  (Sondaar  1969).  Equids 
appear  to  have  paralleled  the  patterns  of  evolutionary  diversification  of  ruminant  artiodactyls  in  a 
number  of  ways,  but  probably  avoided  direct  competition  with  ruminants  by  their  ability,  as 
hindgut  fermenters,  to  subsist  on  a diet  of  higher  fibre  content  than  a ruminant  of  similar  body  size 
(Janis  1976;  Demment  and  Van  Soest  1985).  The  Oligocene  also  showed  a diversification  of 
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medium-sized,  somewhat  cursorially  adapted  browsing  rhinos  (the  hyracodontids  and  the 
diceratherine  rhinocerotids).  Their  increase  in  size  over  the  Eocene  browsing  tapiroids  probably 
allowed  them  to  cope  better  with  seasonal  fluctuations  in  vegetation  abundance. 

The  worldwide  drying  event  in  the  mid-Miocene  resulted  in  a decrease  in  the  diversity  of  hindgut 
fermenters  in  the  lower-latitude  faunas,  and  in  the  spread  of  grassland  savanna  vegetation  over 
much  of  the  continental  land  mass  between  latitudes  0°  and  45°.  This  time  period  saw  the  first 
extensive  diversification  of  the  pecoran  ruminants.  While  the  proportions  of  hindgut  fermenters 
held  steady,  or  even  increased  slightly  in  higher  latitudes,  the  composition  of  this  fauna  changed 
from  a mixture  of  browsers  and  grazers  of  various  sizes  to  one  dominated  by  animals  of  large  body 
size  (proboscideans  and  large  rhinos)  or  specialized  grazers  (hypsodont  equids).  Similar  changes  did 
not  occur  in  lower  latitudes  until  the  Plio-Pleistocene.  However,  these  climatic  changes  also 
provided  an  ideal  environment  for  selectively  foraging  ruminants.  Choosing  plant  parts  with  low 
cellulose  content  was  now  a viable  feeding  strategy,  and  the  digestive  physiology  of  these  animals 
would  have  allowed  them  to  survive  on  smaller  amounts  of  plant  material  than  is  possible  for  a 
hindgut  fermenter  of  similar  body  size.  Guthrie  (1984)  points  out  that  the  mid-Miocene  climatic 
changes  would  have  resulted  in  a decrease  in  the  favourable  season  for  plant  growth,  resulting  in 
a more  mosaic  type  of  vegetational  habitat  (a  mixture  of  shrubs,  trees,  grasses,  and  forbs  rather  than 
a single  woodland  type  of  cover).  This  increased  diversity  in  the  vegetation  would  have  favoured  a 
greater  diversity  of  folivorous  ungulates,  especially  assisting  the  radiation  of  the  ruminants  because 
of  the  lesser  investment  in  antiherbivory  systems  of  defence  by  the  shorter-growth-season  plants, 
both  mechanical  (cellulose)  and  chemical  (plant  secondary  compounds).  Both  pecorans  and 
tylopods  increased  in  size  and  developed  a greater  degree  of  cursorial  specializations,  and  some 
groups  became  hypsodont  (Webb  1977). 

Among  the  hindgut  fermenters,  the  equids  showed  two  divergent  tendencies  from  the  ancestral 
medium-sized  browsing  equids  of  the  Oligocene  and  early  Miocene.  Several  clades,  radiating  from 
the  middle  Miocene  genus  Merychippus , diversified  into  larger,  more  cursorially  adapted  hypsodont 
species.  These  equids  were  probably  more  specialized  for  open  habitats,  and  depended  on  a higher 
proportion  of  grass  in  the  diet.  In  contrast,  members  of  the  Anchitheriini  and  the  Hypohippini, 
originating  from  an  Oligocene  ancestor,  apparently  retained  a preference  for  a more  closed  habitat 
and  a browsing  diet,  as  evidenced  by  relatively  shorter  limbs  and  low-crowned  cheek  teeth,  but  they 
also  showed  a significant  increase  in  body  size.  The  smaller  hyracodontid  and  diceratherine  rhinos 
became  extinct,  to  be  replaced  by  larger  forms,  including  specialized  grazers  (teleoceratine 
rhinocerotids).  The  middle  Miocene  of  Africa  saw  the  demise  of  the  larger  hyracoids  (family 
Pliohyracidae),  the  tapir-like  listriodont  suids  and  the  anthracotheres,  their  place  in  more  seasonal 
habitats  being  taken  by  giraffids,  bovids,  proboscideans,  large  rhinos  and,  in  the  latest  Miocene, 
immigrant  hipparionine  equids. 

However,  the  mid-Miocene  saw  the  decline  of  all  groups  of  primitive  selenodont  artiodactyls, 
presumably  because  seasonality  in  precipitation  further  restricted  the  availability  of  non-fibrous 
types  of  vegetation  for  the  greater  part  of  the  year,  making  it  essential  for  a large  folivorous  ungulate 
to  have  a full  capacity  for  the  fermentation  of  cellulose.  By  the  late  Miocene  the  traguloid  families 
had  disappeared  from  North  America,  and  the  tragulids  were  restricted  to  the  Old  World  tropics. 
Suoids  maintained  their  numbers,  perhaps  because  their  primitive  bunodont  type  of  dentition 
allowed  for  a greater  flexibility  in  maintaining  an  omnivorous  diet.  The  middle  and  late  Miocene 
also  saw  the  radiation  and  diversification  of  proboscideans  over  the  northern  hemisphere,  their  large 
body  size  presumably  compensating  for  the  seasonal  fluctuations  in  availability  of  vegetation,  since 
large-bodied  mammals  have  a greater  capacity  for  fat  storage  to  weather  out  periods  of  food 
shortage. 

A further  steady  increase  in  seasonality  occurred  in  northern  latitudes  from  the  late  Miocene  to 
the  late  Pleistocene.  By  the  end  of  the  Miocene,  chalicotheres  and  browsing  equids  had  disappeared 
from  all  higher-latitude  faunas,  rhinos  and  oreodonts  had  disappeared  from  North  America,  and 
there  was  a severe  reduction  in  the  numbers  of  browsing  ruminants.  North  America  was  particularly 
affected  by  the  climatic  changes  at  the  end  of  the  Miocene,  as  it  was  an  island  continent  with  few 
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opportunities  for  tropical  refuges  for  the  more  specialized  browsing  ungulates.  In  the  Old  World, 
by  the  end  of  the  Pleistocene,  there  was  a reduction  in  diversity  of  giraffids,  rhinos,  and 
proboscideans,  and  the  restriction  of  many  of  these  ungulates  to  equatorial  regions,  with  the 
extinction  of  chalicotheres  and  anthracotheres.  Most  of  these  extinctions  affected  the  large  browsing 
species  adapted  to  subtropical  vegetation.  Smaller  browsers  that  were  adapted  to  a more  temperate 
type  of  vegetation,  such  as  members  of  the  Cervidae,  diversified  at  this  time,  as  temperate-adapted 
vegetation  encroached  on  previously  subtropical  zones. 

CONCLUSION 

The  data  presented  in  this  paper  support  the  hypothesis  proposed  that  the  reduction  in  the  numbers 
and  diversity  of  hindgut-fermenting  ungulates  is  better  correlated  with  climatic  and  vegetational 
changes  than  with  the  diversification  of  ruminant  artiodactyls.  However,  ruminating  artiodactyls 
may  have  replaced  less  specialized  types  of  folivorous  artiodactyls  (here  termed  ‘primitive 
selenodonts’).  Despite  the  fact  that  the  later  Tertiary  showed  a rise  in  the  diversity  of  ruminants, 
and  a decline  in  the  diversity  of  hindgut  fermenters,  this  cannot  truly  be  regarded  as  an  ‘ecological 
replacement’,  since  the  vegetational  habitat  changed  during  the  course  of  the  Tertiary,  resulting  in 
a change  in  ecological  conditions.  The  ruminant  artiodactyls  came  to  dominate  the  ungulate  faunas 
of  the  Neogene  as  a result  of  fortuitous  circumstances  that  provided  a more  suitable  vegetational 
regime  for  their  particular  type  of  digestive  strategy,  rather  than  because  of  overall  superiority  of 
design. 
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THE  ARM  STRUCTURE  AND  MODE  OF 
FEEDING  OF  THE  TRIASSIC  CRINOID 
ENCRINUS  LILIIFORMIS 

by  R.  P.  S.  JEFFERIES 


Abstract.  A characteristic  ornament  of  alternating  ridges  and  grooves  (pectinate  ornament  or  kammartige 
Ornamentierung  of  Hagdorn,  1982)  exists  on  the  interpinnular  surfaces  of  Encrinus  liliiformis  Lamarck  from 
the  German  Oberer  Muschelkalk  (Upper  Anisian  to  Ladinian).  These  ridges  and  grooves  run  transverse  to  the 
length  of  the  pinnule  and  in  life  would  have  formed  a very  large  number  of  microscopic  interpinnular  channels. 
These  channels  would  probably  have  been  ciliated  and  suggest  that  E.  liliiformis , unlike  most  other  crinoids, 
was  at  least  in  part  an  active  filter  feeder,  i.e.  produced  its  own  feeding  currents,  by  active  ciliary  beat  through 
the  interpinnular  channels.  Passive  filtration  of  bottom  currents,  like  that  observed  in  Recent  crinoids,  may  also 
have  been  used,  particularly  near  the  tips  of  the  arms. 


Zusammenfassung.  Eine  charakteristische  Ornamentierung  (kammartige  Ornamentierung  von  Hagdorn, 
1982)  befindet  sich  auf  den  Ober-  und  Unterseiten  der  Pinnulae  von  Encrinus  liliiformis  Lamarck  aus  dem 
deutschen  Oberen  Muschelkalk  (Oberanisium  bis  Ladinium).  Sie  besteht  aus  alternierenden  Riicken  und 
Furchen,  die  die  Lange  der  Pinnula  quer  iiberkreuzen  und  die  beim  lebenden  Tier  eine  groBe  Anzahl 
mikroskopischer,  zwischen  den  Pinnulae  gelegener,  Rohrchen  gebildet  haben  wiirden.  Allem  Anschein  nach 
waren  diese  Rohrchen  bewimpert  und  alles  deutet  darauf  hin,  daB  E.  liliiformis , zumindest  zum  Teil,  sich 
(ungleich  anderen  Crinoiden)  als  aktiver  Filterfresser  nahrte,  d.  h.  erzeugte  seine  eigenen  Filter-Stromungen 
mittels  aktiven  Wimperschlages  in  den  interpinnularen  Rohrchen.  Passives  Filtrieren  der  bodennahen 
Stromungen  des  Wassers,  wie  oftmals  bei  rezenten  Crinoiden  beobachtet,  war  wahrscheinlich  auch  an  der 
Nahrung  beteiligt,  besonders  in  den  distalen  Teilen  der  Arrne. 


The  German  Triassic  crinoid  Encrinus  liliiformis  Lamarck  from  the  Oberer  or  Hauptmuschelkalk 
is  one  of  the  most  famous  species  of  fossil  crinoid.  It  was  well  described  in  a classic  monograph  by 
Beyrich  (1858),  the  growth  of  its  stem  was  studied  by  Aldinger  (1928),  and  countless  other  works 
have  mentioned  it  thus  Biese  (1934)  listed  778  previous  references.  More  recently  Linck  (1954)  and 
Hagdorn  (1978)  have  published  important  field  observations  on  the  species  and  Seilacher  et  al. 
(1968)  have  discussed  the  mechanics  of  the  stem.  Nevertheless  it  is  the  pinnular  ornament  which 
provoked  this  paper.  Although  mentioned  by  Hagdorn  (1982,  p.  15)  under  the  name  of  comb-like 
or  pectinate  ornament  (kammartige  Ornamentierung ),  it  has  not  previously  been  described.  Pectinate 
ornament  suggests  a new  interpretation  of  how  the  species  fed. 

E.  liliiformis  is  conventionally  placed  in  the  family  Encrinidae  of  the  paraphyletic  suborder 
1 Poteriocrinina  ’ of  the  paraphyletic  subclass  ‘Inadunata’  (Moore  et  al.  1978,  p.  720).  Unlike  most 
inadunates,  however,  it  lacks  an  anal  plate  or  plates,  and  for  this  reason  may  be  closely  related  to 
the  latest  common  ancestor  of  extant  crinoids.  Indeed  Simms  (1988,  p.  271)  regards  the  Encrinidae 
as  the  most  crownward  plesion  in  the  stem  group  of  the  Crinoidea.  In  this  paper  I shall  not  further 
discuss  the  systematic  position  of  E.  liliiformis  nor  consider  how  widespread  the  presumed  mode  of 
feeding  may  have  been.  Stratigraphically  E.  liliiformis  is  one  of  the  youngest  known  inadunates. 

I am  grateful  to  Herr  Hans  Hagdorn,  of  Kunzelsau,  Wtirttemberg,  who  supplied  material  of 
E.  liliiformis  from  his  own  collection  and  thus  encouraged  me  to  trespass  on  his  own  intellectual 
field.  Dr  David  Hardwick,  of  Imperial  College,  London,  kindly  discussed  the  species  with  me 
from  a hydrodynamic  viewpoint. 


(Palaeontology,  Vol.  32,  Part  3,  1989,  pp.  483-497,  pis.  53  and  54.) 
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text-fig.  1.  Encrinus  liliiformis.  General  reconstruction  of  anatomy,  a.  Lateral  aspect  of  theca  and  upper  part 
of  stem,  b.  An  arm  in  closed  position  seen  from  the  central  axis  of  the  theca,  c.  Lateral  aspect  of  arm  in  closed 
position,  d.  Lateral  aspect  of  arm  when  partly  opened.  Note  that  the  upper  pinnules  have  become  slightly 
separated  from  each  other  because  of  the  outward  warping  of  the  lower  part  of  the  arm,  whereas  the  lower 
pinnules  all  remain  in  close  contact,  e.  Theca  in  basal  aspect,  f.  Theca  from  above  when  closed.  Note  the  small 

circular  gap  remaining  between  the  tips  of  the  arms. 


ANATOMICAL  DESCRIPTION 

‘Upper’  and  ‘lower’  in  what  follows,  whatever  the  part  being  described,  will  consistently  refer  to 
the  crown  of  the  crinoid  orientated  stem-downwards  by  convention.  ‘Right’  and  ‘left’,  with  respect 
to  an  arm,  refer  to  the  sides  of  the  arm  seen  from  outside  by  the  observer.  For  a general  description 
of  crinoid  morphology  see  Ubaghs  (1978). 

In  outer  shape  (text-fig.  la;  PI.  53,  fig.  3)  the  crown  of  E.  liliiformis  resembles  an  unopened  tulip 
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text-fig.  2.  Encrinus  liliiformis.  Reconstructions  to  show  the  effects  of  opening,  a , Lateral  aspect  of  partly 
opened  theca,  omitting  the  nearest  two  radii  and  the  five  arms  farthest  from  the  observer.  The  tegmen  is  shown 
inflated  upwards  so  as  to  block  the  gaps  which  would  otherwise  exist  at  the  bases  of  the  pinnule  series  of 
adjacent  arms,  b.  Lateral  aspect  of  the  partly  opened  theca.  It  is  likely  that  the  theca  could  open  somewhat 
wider  than  this  (cf.  text-fig.  5).  c.  Section  through  theca  at  level  d-d  (in  text-figs.  2a,  b)  with  theca  completely 
closed.  The  thecal  space  at  this  level  is  almost  entirely  filled  by  pinnules  except  for  a central  axial  region,  d. 
Section  through  d-d  to  show  how,  on  opening,  the  series  of  pinnules  remained  in  contact  with  those  of  adjacent 
arms  by  their  tips.  Thus  ten  inhalent  chambers  would  be  separated  from  a central  exhalent  chamber  which,  in 
transverse  section,  would  have  the  form  of  a ten-pointed  star. 

but  with  a constriction  or  waist  situated  about  one  third  of  the  height  from  the  base.  The  stem  was 
without  cirri  and  was  often  cemented  down  by  an  attachment  disk  or  root  (PI.  53,  fig.  2).  Hagdorn 
(1978)  has  found  these  roots  in  situ  where  they  help  to  form  the  framework  of  small  reefs.  Often, 
however,  the  stem  broke  during  the  life  of  the  crinoid.  When  this  happened,  the  animal  frequently 
survived  the  breakage  long  enough  to  form  a new  rounded  end  to  the  truncated  stem  (Linck  1954, 
p.  233). 

As  to  the  plates  of  the  crown,  there  are  five  small  infrabasals  entirely  hidden  by  the  stem 
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attachment  and  five  basals  small  enough  to  be  invisible  in  lateral  aspect  (text-fig.  la).  Five  large 
radials  alternate  with  the  basals  and  each  carries  a muscular  articulation  with  the  respective  first 
primibrach.  The  junction  between  first  and  second  primibrach  is  an  immobile  synostosis  and  the 
second  primibrach  is  an  axillary.  By  means  of  a pair  of  muscular  articulations,  separated  by  a 
summit  in  perradial  position,  each  premaxillary  is  connected  with  a pair  of  undivided  arms,  thus 
making  ten  arms  in  all. 

In  each  arm  the  first  two  secundibrachs  are  uniserial  and  joined  by  an  immobile  synostosis.  More 
distally,  the  secundibrachs  become  biserial  in  arrangement.  However,  this  biseriality  is  more  quickly 
evident  internally  than  externally.  For  on  the  outside  approximately  the  first  seven  secundibrachs 
are  uniserial  (text-fig.  la),  whereas  seen  from  inside  the  third  and  fourth  secundibrachs  already 
alternate.  The  lower  secundibrachs,  in  the  externally  uniserial  region,  are  joined  to  each  other  by 
obvious  muscular  articulations  with  recognizable  emplacements  for  the  aboral  ligament, 
interarticular  ligament  and  the  adoral  muscles.  In  this  region,  therefore,  successive  ossicles  could 
presumably  move  slightly  relative  to  each  other,  bending  inward  by  the  contraction  of  the  muscles 
or  outward  by  elastic  contraction  of  the  aboral  ligaments.  Such  movement,  however,  could  not  have 
represented  more  than  a slight  warping  of  the  externally  uniserial  region.  More  distally,  where  the 
secundibrachs  are  strongly  biserial  both  inside  and  out,  the  junctions  between  successive  plates  must 
have  been  immobile,  or  almost  so,  though  vestigial  traces  of  the  various  regions  of  the  muscular 
articulations  are  always  visible  between  the  plates.  In  the  upper  part  of  this  fully  biserial  region  each 
brachial  plate  carries  a rounded  knob  externally.  Still  more  distally,  towards  the  tip  of  each  arm, 
the  plates  have  no  such  knobs  and  tend  once  more  to  a uniserial  arrangement. 

The  ten  arms  could  shut  tightly  in  life,  judging  by  the  fact  that  the  fossils  are  usually  preserved 
in  this  condition.  The  tips  of  the  arms  are  rounded,  however,  rather  than  pointed,  so  a small, 
approximately  circular  or  decagonal  area  would  always  have  remained  open  distally  (text-fig.  If). 
At  the  sides  of  each  arm  the  brachial  plates  carry  wide  lateral  facets  which  represent  surfaces  of 
contact  with  the  neighbouring  arms  when  the  crown  was  tightly  shut  (text-fig.  lc). 

How  wide  the  crown  could  open  in  life  is  an  important  problem.  Opening  would  mainly  happen 
by  elastic  contraction  of  the  aboral  ligaments  between  the  radial  plates  and  the  first  primibrachs, 
and  between  the  axillary  plates  and  the  first  secundibrachs,  although  there  would  also  be,  as  already 
suggested,  outward  flexing  of  the  externally  uniserial  region  of  the  arm  and  perhaps  of  the  proximal 
part  of  the  biserial  region  also.  It  is  impossible,  however,  to  estimate  accurately  the  maximal  angle 
of  bending  which  occurred  at  each  of  the  joints  involved  and  so  no  precise  conclusions  can  be  drawn 
from  the  anatomy  as  regards  the  maximal  gape. 

Preservation  of  the  fossil  is  more  informative  in  this  respect.  Most  of  the  complete  fossils  are 
rather  tightly  closed  or  slightly  ajar.  The  closure  is  presumably  the  result  of  muscular  contraction 
at  death  by  burial  - whether  burial  resulted  from  a sudden  influx  of  mud  or,  as  Hagdorn  (1978, 
p.  62)  has  suggested,  was  sometimes  caused  by  falling  crown-first  into  the  mud  when  the  stem  broke. 
If  these  complete  fossils  were  trying  to  close  themselves  when  they  died,  it  is  likely  that,  in  this 
extremely  common  species,  those  now  recorded  as  being  widest  open  would  indicate  the  normal 


EXPLANATION  OF  PLATE  53 

Encrinus  liliiformis.  Except  for  tig  3,  horizon  and  locality  unknown,  presumably  Obermuschelkalk,  Germany. 

All  specimens  photographed  optically  and  coated  with  ammonium  chloride. 

Figs.  1 and  4.  BM(NH)  E5284.  Internal  surface  of  arm  with  pinnules  and  integument  plates  still  partly  in  place. 
Fig.  1,  stereopairs  of  lower  part,  x4-2.  Fig.  4,  whole  of  the  incompletely  preserved  arm,  x2-l  Note  the 
scattered  integument  plates  and  the  bases  of  the  lowest  pinnules  (arrowed)  which,  unlike  more  distal 
pinnules,  have  a rounded  lower  surface  with  no  pectinate  ornament. 

Fig.  2.  BM(NH)  75854.  Obermuschelkalk,  Wilhelmsgliick  near  Schwabisch  Hall,  Wiirttemberg,  Federal 
Republic  of  Germany.  Holdfast  on  the  end  of  the  stem,  x F55. 

Fig.  3.  BM(NH)  E53243.  General  view  of  theca  and  arms,  x F5.  Compare  text-fig.  1 a. 

Fig.  5.  BM(NH)  1216.  Part  of  theca  and  basal  part  of  one  arm  in  interior  aspect,  x 6-4.  The  boss  (arrowed) 
which  carried  the  immobile  lowest  pinnule  has  no  articular  ridge. 
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text-fig.  3.  Encrinus  liliiformis.  Reconstruction  of  one  pinnule  and  three  brachial  plates  from  the  base  of  the 
fully  biserial  region  (secundibrachs  7,  8 and  9).  See  also  text-fig.  4.  a.  Distal  aspect  of  first  pinnular  plate,  b. 
Lower  aspect  of  pinnule,  c.  Proximal  aspect  of  first  pinnular  plate,  d.  Upper  aspect  of  pinnule  and  transverse 
section,  e,  Adoral  aspect  of  pinnule,  f.  Lateral  aspect  of  pinnule  in  relation  to  brachial  plates,  g.  Pinnule  in 
relation  to  brachial  plates  seen  from  central  axis  of  theca,  h.  Diagrammatic  section  of  the  interpinnular 
channels  between  two  adjacent  pinnules.  The  section  is  approximately  perpendicular  to  the  channels  and 

parallel  to  the  length  of  the  pinnules. 

widest  extent  of  opening  in  life.  Linck  (1954)  had  a very  deep  knowledge  of  the  species  and  believed, 
on  these  grounds,  that  the  specimen  in  text-fig.  5 (traced  from  his  photograph)  was  approximately 
in  the  natural  position  of  greatest  gape  in  life  (natiirliche  Lebensstellung ),  and  I accept  this  result  since 
it  seems  plausible  from  the  anatomy.  Modern  crinoids,  when  feeding,  open  much  more  widely  than 
this  and  form  a filtration  fan,  often  extended  transverse  to  a horizontal  current  as  recorded  for  the 
Recent  isocrinid,  Cenocrinus  asterias,  by  Macurda  and  Meyer  (1974)  (text-fig.  6 herein).  If 
E.  liliiformis  could  not  open  wide  in  this  manner,  it  probably  gathered  food  by  some  method  other 
than,  or  supplementary  to,  passive  filtration.  As  explained  later,  pectinate  ornament  of  the  pinnules 
suggests  what  this  method  was. 

The  internal  skeletal  anatomy  of  the  arms  and  attached  pinnules  is  complex  (text-figs.  2-4).  Every 
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text-fig.  4.  Encrinus  liliiformis.  Reconstruction  of  three  brachial  plates  (secundibrachs  7,  8 and  9).  See  also 
text-fig.  3.  a.  Distal  aspect,  b.  Medial  aspect  of  secundibrachs  7 and  9.  c.  External  aspect. 


brachial  plate  of  an  arm  (i.e.  every  secundibrach)  bears  a pinnule  except  for  the  lowest  one  (the  first 
secundibrach)  and  the  highest  one  (the  last  secundibrach).  When  the  crown  is  closed  (text-figs,  la-c; 
PI.  53,  fig.  3)  the  pinnules  of  a single  arm,  together  with  the  brachials  to  which  they  are  attached, 
form  a 36°  prism.  The  somewhat  rounded  acute  edge  of  this  prism  is  formed  by  the  distal  ends  of 
the  pinnules  and  almost  coincides  with  the  long  central  axis  of  the  crown.  Thus,  when  the  crown 
is  closed,  its  upper  part  is  almost  entirely  filled  by  ten  such  prisms,  one  for  each  arm,  in  side-by-side 
contact  with  each  other,  as  shown  in  text-fig.  2c.  (This  fact  was  already  known  to  Miller  1821.) 
When  the  crown  was  closed  the  pinnules  and  brachials  on  one  side  of  an  arm  presented  a continuous 
flat  mosaic  formed  by  the  facets  on  the  brachial  plates  and  by  coplanar  facets  on  the  pinnular  plates. 
This  flat  mosaic  made  tight  contact  with  a similar  flat  mosaic  on  the  adjacent  arm. 

Text-figs.  3 and  4 give  a reconstruction  of  some  brachial  plates  from  the  lower  part  of  the  biserial 
region  (the  7th,  8th  and  9th,  secundibrachs)  together  with  one  of  the  attached  pinnules.  In  distal 
aspect  (text-fig.  4a)  the  surfaces  of  the  brachials  reveal  areas  for  the  aboral  ligament,  for  the 
interarticular  ligament  and  for  the  muscles  of  the  adoral  region  of  the  arm.  A zig-zag  channel  (text- 
fig.  3g)  along  the  mid-line  of  the  arm  separates  the  muscular  fields  of  the  left  side  of  the  arm  from  those 
of  the  right.  A pair  of  canals  for  the  aboral  nerves  exists  near  the  mid-line  of  the  arm,  aboral  to  the 
zig-zag  channel,  in  the  region  where  right  and  left  brachials  overlap  (PI.  54,  fig.  9).  Exactly  in  the 
mid-line  is  a series  of  pits  (one  pit  for  each  suture  between  brachials)  which  extend  from  the  floor 
of  the  zig-zag  aborally  almost  far  enough  to  reach  the  paired  aboral  nerve  canals.  From  near  each 
pit  a branched  groove  extends  on  each  brachial  plate  from  out  of  the  mid-line  to  right  and  left  along 
the  aboral  margin  of  the  muscular  region.  Each  such  branched  groove  corresponds  to  a similar 
groove  in  the  facing  surface  of  the  adjacent  brachial,  so  that  the  two  grooves  together  (text-fig.  4c) 
would  form  a branched  canal.  By  comparison  with  Antedon  (W.  B.  Carpenter  1884),  this  canal 
probably  carried  a nerve  supply  to  the  appropriate  adoral  muscle.  It  is  likely  that  this  nerve  supply 
arose  from  the  aboral  nerve,  or  nerve  pair,  passed  invisibly  into  the  nearly  mid-line  pit  and  thence 
entered  the  branched  canal.  The  mid-line  pits  were  recorded  in  E.  liliiformis  by  Beyrich  (1858,  e.g. 
pi.  1,  fig.  8)  and  are  also  known  in  related  inadunates  such  as  Pentaramicrinus  and  Erisocrinus 
(Ubaghs  1978,  p.  T167).  They  probably  represent  aboral  extensions  of  the  aboral  coelomic  canal  of 
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text-fig.  5.  Encrinus  liliiformis.  Theca  in  probable 
position  of  widest  opening  during  life.  Traced  after 
Linck  (1954,  fig.  5,  p.  229). 


the  arm,  the  greater  part  of  this  coelomic  canal  being  lodged  in  the  zig-zag  channel.  As  already 
mentioned,  there  could  have  been  very  little  movement  between  the  interlocked  brachial  plates  of 
the  region  reconstructed  in  text-figs.  3 and  4.  Contraction  of  the  muscles  could  at  most  have 
produced  a slight  outward  flexing. 

The  adoral  face  of  each  brachial  is  complicated  in  shape  (text-fig.  3g;  PI.  53,  fig.  5).  An  articular 
ridge  for  the  pinnule  extends  obliquely  upwards  and  outwards  in  the  lower  part  of  each  brachial. 
A semi-elliptical  field  below  this  ridge  represents  the  position  of  the  aboral  ligament,  which 
connected  the  brachial  with  the  first  pinnular  plate,  and  there  is  a deep  ligament  pit  in  this  field 
situated  near  the  mid-length  of  the  articular  ridge.  A canal  for  the  aboral  nerve  or  nerves  to  the 
pinnule  is  located  just  above  this  pit.  A rather  vaguely  marked  area  on  and  above  the  ridge  would 
represent  the  emplacement  of  the  interarticular  ligaments  and  the  adoral  muscles  of  the  pinnular 
articulation.  Expanded  welts  along  the  upper  and  lower  (proximal  and  distal)  edges  of  each  brachial 
plate  served  to  enlarge  the  fields  of  the  adoral  muscles  connecting  the  brachial  plates.  In  the  adoral 
surface  of  each  brachial,  a short  valley  leaves  the  mid-line  zig-zag  channel  and  would  have  been 
filled  in  life  by  a branch  of  the  coeliac  canal,  passing  into  the  appropriate  pinnule. 

The  pinnule  itself  (text-fig.  3)  is  not  uniform  along  its  length  - it  tapers  distally  and  the  first  two 
pinnular  plates  are  markedly  different  from  the  rest  and  from  each  other.  A transverse  section 
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Encrinus  liliiformis.  Stereoscan  photographs.  Horizon  and  locality  unknown  for  all  specimens  figured, 
presumably  Obermuschelkalk,  Germany. 

Fig.  I . BM(NH)  E70107.  Lower  surface  of  two  opposite  pinnules  to  show  the  cusps,  grooves  and  perforations 
of  the  pectinate  ornament,  x 32. 

Figs.  2,  4,  5.  BM(NH)  E5284.  Second  pinnular  of  II Br5  in  upper,  distal  and  proximal  aspects  respectively,  x 25. 
Note  the  presence  in  fig.  2 of  a transverse  ridge  (arrowed),  the  pinnular  groove  and  two  cusps  of  the  pectinate 
ornament.  The  proximal  face  (fig.  5)  shows  an  articular  surface  with  an  emplacement  for  the  aboral  ligament, 
whereas  the  distal  surface  (fig.  4)  lacks  these  features. 

Fig.  3.  BM(NH)  E70107.  Oral  face  of  a pinnule  to  show  cover  plates  and  U-shaped  side  plates,  x31. 

Fig.  6.  BM(NH)  E5284.  Pinnular  plate  from  near  the  mid  length  of  a pinnule,  oral  surface  upward,  x 31.  The 
wall  of  one  side  of  the  oral  groove  has  broken  away,  showing  the  medial  face  of  the  opposite  wall  with  the 
perforations  associated  with  pectinate  ornament. 

Figs.  7 and  8.  BM(NH)  E5284.  First  pinnular  of  1 1 Br5  in  distal  and  proximal  aspect,  x 26.  Compare 
text-fig.  3. 

Fig.  9.  BM(NH)  70107.  Brachial  plate  from  near  the  base  of  the  biserial  region  seen  in  proximal  aspect, 
x 15.  Compare  with  text-fig.  4a.  Note  the  branching  groove  for  the  nerve  to  the  adoral  muscle,  the  median 
pit,  aboral  nerve  canals,  aboral  and  interarticular  ligament  facets. 
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text-fig.  6.  Cenocrinus  asterius  extended  across  a 
bottom  current  for  passive  feeding.  The  arrow  shows 
the  approximate  direction  of  the  bottom  current. 
Traced  after  Macurda  and  Meyer  (1974,  fig.  1/?). 


text-fig.  7.  Neocrinus  decorus  (Wyville  Thomson). 
Parts  of  two  pinnular  plates  with  associated  side 
plates  and  cover  plates.  Note  the  crenulation  of  the 
adoral  edges  of  the  pinnular  plates.  Distal  is  upward, 
x 34. 


through  the  middle  of  a pinnule  is  trapezium-shaped,  the  upper  and  lower  surfaces  of  the  pinnule 
corresponding  to  the  parallel  sides  of  the  trapezium.  The  aboral  face  of  the  pinnule,  i.e.  the  face 
farthest  from  the  mid-line  of  the  arm,  makes  an  acute  angle  with  the  upper  face  and  an  obtuse  angle 
with  the  lower  face  (PI.  54,  fig.  4;  transverse  section  in  text-fig.  3d).  The  aboral  face  of  the  pinnule 
would  make  contact  with  pinnules  of  the  adjacent  arm  when  the  crown  was  closed.  The  fourth  face 
of  the  trapezium-shaped  cross-section,  nearest  the  mid-line  of  the  arm,  is  the  adoral  face  of  the 
pinnule.  It  is  formed  by  four  series  of  platelets,  i.e.  a pair  of  adambulacral  or  side  plates,  U-shaped 
in  plan,  and  a pair  of  ambulacral  or  cover  plates,  circular  in  plan  (PI.  54,  fig.  3).  The  concavities  of 
the  U-shaped  side  plates  open  towards  the  mid-line  of  the  pinnule  and  may  each  have  housed  a tube 
foot  in  life.  Covered  by  these  little  plates  and  excavated  in  the  pinnular  plates,  there  is  a deep  V- 
shaped  adoral  pinnular  groove  which  in  life  was  filled  by  the  soft  parts  of  the  pinnule. 

When  the  crown  was  closed,  each  pinnule  would  be  in  tight  contact  with  its  upper  and  lower 
neighbours.  The  approximately  plane  upper  and  lower  surfaces  of  each  pinnular  ossicle  allowed  this 
tight  contact,  just  as  the  plane  aboral  face  of  the  pinnules  allowed  close  contact  with  the 
corresponding  faces  of  the  pinnulars  of  the  neighbouring  arm. 

The  pectinate  ornament  which  is  the  main  subject  of  this  paper  is  found  on  the  upper  and  lower 
surfaces  of  a pinnule  (PI.  53,  fig.  1 ; PI.  54,  fig.  1).  The  ornament  consists  of  alternating  flat-topped 
ridges  and  hemicylindrical  grooves,  each  ridge  and  groove  being  approximately  transverse  to  the 
length  of  a pinnule,  and  thus  approximately  parallel  to  the  sutures  between  the  pinnular  plates.  Very 
approximately,  grooves  are  about  50  //m  wide  and  25  //m  deep,  and  the  flat-topped  ridges  that 
separate  them  are  about  50  //m  wide.  There  are  some  four  to  six  grooves  on  the  upper,  or  the  lower, 
surface  of  each  pinnular  plate.  The  ridge  between  two  grooves  ends  adorally  in  a cusp  so  that  the 
edges  of  the  adoral  pinnular  groove  are  scalloped.  The  aboral  end  of  each  groove  (farthest  from  the 
mid-line  of  the  arm  but  always  some  distance  from  the  aboral  surface  of  the  pinnule)  is  connected 
to  a perforation  which  passes  through  the  plate  to  the  internal  cavity  of  the  pinnular  (text-fig. 
3b,  d,  g;  PI.  54,  fig.  6).  On  each  pinnular  plate  the  perforations  are  arranged  in  an  arc  so  that  the 
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grooves  nearer  the  middle  of  a plate  are  longer  than  those  nearer  the  proximal  and  distal  end  of 
the  plate  (text-figs.  3b,  d;  PI.  54,  fig.  1). 

The  cusps  on  the  adoral  edges  of  the  pinnular  plates,  and  thus  the  ridges  which  end  in  the  cusps, 
alternate  with  the  side  plates  of  the  adoral  surface  of  the  pinnule  (text-fig.  3e;  PI.  54,  fig.  3).  These 
plates  alternate,  in  their  turn,  with  the  adjacent  cover  plates,  and  the  cover  plates  on  either  side  of 
a pinnule  alternate  with  each  other.  The  grooves  on  the  lower  surface  of  a pinnular  plate  are 
therefore  approximately  equal  in  number  to  the  grooves  on  its  upper  surface  and  also  equal  in 
number  to  the  plates  in  each  cover-plate  and  each  side-plate  series. 

Pectinate  ornament  somewhat  resembles  the  crenulation  of  the  adoral  edges  of  the  pinnular  plates 
recorded  by  P.  H.  Carpenter  (1884,  PI.  37,  fig.  24;  text-fig.  7,  herein)  in  the  Recent  isocrinid 
Neocrinus  decorus.  Indeed  it  could  have  arisen  by  an  evolutionary  exaggeration  of  just  such  a 
crenulation.  In  N.  decorus , however,  there  are  no  perforations,  the  cusps  coincide  with  the  side 
plates,  rather  than  alternating  with  them,  and  similarly,  the  cover  plates  are  opposite,  rather  than 
alternate,  to  the  side  plates. 

The  surface  of  contact  between  any  pinnule  and  its  overlying  neighbour  would  therefore  have 
been  interrupted  by  channels  perpendicular  to  the  length  of  the  pinnule  (text-fig.  3h).  These  channels 
would,  in  the  extreme  cases,  be  either  circular  or  semicircular  in  section  - they  would  be  circular  if 
a groove  on  one  pinnule  coincided  with  a groove  on  the  overlying  pinnule,  and  they  would  be 
semicircular  if  a groove  on  one  pinnule  coincided  with  a ridge  on  the  overlying  pinnule.  If  a groove 
partly  coincided  with  a ridge  and  partly  with  a groove,  then  the  channel  would  have  had  a more 
complicated  shape.  If  circular  in  section,  the  diameter  of  the  circle  would  have  been  about  50  //m, 
minus  the  thickness  of  any  cell  layer  on  the  surface  of  the  skeleton.  Within  an  order  of  magnitude 
the  diameter  therefore  agrees  with  those  of:  (1)  tunicate  gill  slits,  which  are  commonly  25  /im  wide 
(Jefferies  1973,  p.  440);  (2)  the  gill  slits  of  amphioxus,  which  are  about  40  /.m  wide  (Bone  1961,  fig. 
20);  or  (3)  the  pore  canals  in  the  tegmen  of  Antedon , which  are  about  60  fim  wide  (Hamann  1889, 
p.  94).  All  these  channels  are  ciliated,  their  diameter  being  equal  to  slightly  more  than  twice  the 
length  of  the  contained  cilia.  I therefore  suggest  that  the  grooves  of  the  pectinate  ornament  of 
E.  liliiformis  were  likewise  ciliated  and  served  to  pass  water  from  outside  the  pinnules  to  the  space 
contained  between  the  right  and  left  sets  of  pinnules  of  a single  arm.  The  perforation  at  the  adoral 
end  of  each  groove  may  have  carried  a nerve  by  which  the  ciliary  activity  of  the  channel  was 
controlled.  Since  the  groves  on  all  pinnules  are  almost  equidistant  from  each  other,  the  crinoid 
would  be  able,  by  adjusting  the  mutual  position  of  adjacent  pinnules,  to  ensure  that  nearly  all  of 
the  channels  were  circular  in  section,  and  this  was  probably  the  normal  condition  since  it  would  be 
best  for  ciliary  pumping. 

The  two  most  proximal  pinnular  plates  of  each  pinnule,  as  already  said,  are  individualized.  The 
first  pinnular  plate,  in  particular,  is  of  very  complicated  shape.  Its  proximal  face  (text-fig.  3a;  PI.  54, 
fig.  8)  is  traversed  by  a ridge  which  articulated  with  the  ridge  on  the  connected  brachial  plate.  Below 
this  ridge  the  first  pinnular  shows  an  area  for  the  attachment  of  the  aboral  ligament  and  above  it 
two  areas  for  the  attachment  of  adoral  muscles,  though  one  of  these  areas  (that  farther  from  the 
mid-line  of  the  arm)  is  much  larger  than  the  other.  The  adoral  groove  of  the  pinnule,  continuous 
with  that  on  the  attached  brachial,  passed  near  the  mid-line  of  the  arm  onto  the  proximal  face  of 
the  first  pinnular.  The  distal  face  of  the  first  pinnular  plate  (text-fig.  3a;  PI.  54,  fig.  7)  is  clearly 
divided,  by  an  articular  ridge  and  other  sculptural  complications,  into  areas  for  an  aboral  ligament, 
for  intra-articular  ligaments  and  for  adoral  muscles.  A canal  is  present,  near  the  centre  of  the  distal 
face,  for  the  aboral  pinnular  nerve,  and  there  is  a strong  V-shaped  groove  in  the  adoral  face  of  the 
first  pinnular  plate.  The  articular  ridge  on  the  distal  surface  of  the  first  pinnular  plate,  unlike  the 
articular  ridge  on  the  proximal  surface,  is  approximately  vertical  in  orientation  (relative  to  the  total 
crown  in  the  conventional  orientation).  Thus,  again  in  the  conventional  orientation  of  the  arm,  the 
proximal  articulation  of  the  first  pinnular  plate  would  rock  the  pinnule  outwards  (away  from  the 
mid-line  of  the  arm)  and  downwards.  But  the  distal  articulation  of  the  first  pinnular  would  rock  the 
remainder  of  the  pinnule  (the  second  and  more  distal  pinnulars)  approximately  horizontal,  i.e. 
directly  away  from  the  mid-line  of  the  arm. 

The  second  pinnular  plate  in  most  ways  resembles  more  distal  ones  except  for  the  above- 
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mentioned  muscular  articulation  on  its  proximal  surface  (PI.  54,  fig.  5).  No  such  articulation  exists 
on  the  distal  surface  (PI.  54,  fig.  4).  An  additional  difference  from  the  others  is  that  the  aboral  face 
(the  surface  farthest  from  the  mid-line  of  the  arm)  is  irregularly  pentagonal  in  shape  (text-fig.  30, 
rather  than  rectangular.  The  pentagonal  shape  is  due  to  the  fact  that  the  upper  edge  of  this  aboral 
face  is  raised  into  a point  which  separates  two  facets  on  the  upper  surface  (text-fig.  3c,  e,  f;  PI.  54, 
fig.  2).  The  upper  and  lower  faces  of  the  second  pinnular  carry  several  grooves  of  the  pectinate 
ornament  together  with  the  associated  perforations,  cusps  and  inter-groove  ridges. 

The  cover  and  side  plates  of  the  pinnules  do  not  continue  more  proximally  than  the  pinnules. 
Instead  the  zig-zag  channel  excavated  in  the  mid-line  of  the  brachial  plates  was  covered  in  life  with 
a loose  integument  plated  with  circular  plates  like  those  of  the  tegmen  (PI.  53,  figs.  1 and  4). 

There  is  no  sign  of  genital  swellings  on  any  of  the  pinnules  - the  adoral  surface  of  the  pinnule  is 
always  completely  covered  by  uniform  series  of  cover  and  side  plates  over  the  pinnular  groove.  It 
seems  most  unlikely  that  the  gonads  of  E.  liliiformis  were  in  the  pinnules.  More  probably  they  were 
situated  beneath  the  tegmen,  or  else  near  the  mid-line  of  each  arm  as  in  the  Recent  crinoid 
Cyathidium  (Cherbonnier  and  Guille  1972;  Fechter  1973).  If  situated  near  the  mid-line  of  the  arms, 
they  would  have  been  covered  by  the  loosely  plated  integument  of  that  region. 

The  first  or  lowest  pinnule  of  every  pinnule  series  was  different  from  the  others  in  several  respects. 
Thus,  firstly,  its  lower  surface  was  convex  rather  than  flattened  and  it  was  without  pectinate 
ornament  (PI.  53,  fig.  1).  This  results  from  the  mere  fact  that  there  was  no  pinnule  beneath  it. 
Secondly,  there  was  no  muscular  articulation  proximal  to  the  pinnule  - rather  the  contact  with  the 
brachial  is  by  a concave  surface  on  the  most  proximal  pinnular  plate  fitting  over  a convex  surface 
on  the  adjacent  brachial  (PI.  53,  fig.  5).  Thus  the  first  pinnule,  unlike  higher  ones,  would  not  rotate 
outwards  and  downwards  about  a proximal  articulation  when  the  arm  opened.  A muscular 
articulation  existed  between  the  first  and  second  pinnular  of  the  first  pinnule,  but  this  would  allow 
rotation  of  the  pinnule  only  in  the  direction  towards,  or  away  from,  the  mid-line  of  the  arm. 

Higher  pinnules  are  also  not  all  identical.  Thus  (1)  they  differ  in  length  according  to  the  space 
inside  the  crown ; and  (2)  the  pectinate  ornament  is  more  obvious  in  lower  pinnules  than  higher  ones 
since  the  grooves  become  shorter  in  higher  pinnules  - indeed  the  highest  pinnules  completely  lack 
pectinate  ornament. 

The  tegmen  of  E.  liliiformis  is  not  well  known.  I was  unable  to  dissect  it  completely,  but  it  was 
covered  with  loose  plates,  sometimes  bearing  pores  (hydropore  canals).  Probably  the  ambulacral 
grooves  did  not  open  on  the  surface  of  the  tegmen,  seeing  that  they  did  not  emerge  in  the  mid-line 
of  the  arms. 

As  concerns  the  stems,  Hagdorn  (1978)  has  observed  stem  bases  in  situ  attached  to  bivalve 
molluscs  and  to  each  other  to  form  small  reefs.  He  noted  that  the  surface  of  attachment  is  seldom 
horizontal  and  sometimes  vertical,  but  that  the  lower  part  of  the  stem  (PI.  54,  fig.  1)  is  shaped  so 
that  the  stem  runs  vertical  after  a short  distance  (text-fig.  8).  Seilacher  et  cd.  (1968)  deduced  that  the 
upper  part  of  the  stem  was  more  flexible  than  the  lower  part.  This  is  demonstrated,  in  particular, 
by  a specimen  recorded  by  Linck  (1954)  which,  in  its  upper  part,  had  fallen  across  another  stem  and 
was  strongly  curved  over  it  in  consequence.  The  total  length  of  the  animal  (holdfast,  stem  and  crown 
included)  was  recorded  by  Linck  (1954,  pi.  51,  p.  232)  as  L37  m,  implying  that  the  stem  was  about 
1-3  m long.  All  this  suggests  that,  when  rooted  to  the  bottom,  the  greater  part  of  the  stem  would 
have  been  vertical.  However,  the  flexibility  of  the  higher  part  of  the  stem  also  suggests  that,  like 
Recent  crinoids,  the  crown  would  orientate  itself  with  the  central  axis  horizontal,  parallel  to  any 
bottom  current,  as  suggested  in  text-fig.  8. 

FUNCTIONAL  INTERPRETATION 

How  the  crown  opened  is  important  to  the  functional  morphology  of  E.  liliiformis  in  general,  and 
of  pectinate  ornament  in  particular.  Text-figs,  lb-d  and  2a  show  the  likely  positions  of  the  pinnules 
on  the  arms  when  the  crown  was  closed  and  when  it  was  somewhat  open.  On  opening,  the  aboral 
ligaments  of  the  brachial  plates  and  of  the  radial  articulations  would  contract  and  the  pinnules  of 
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text-fig.  8.  Encrinus  liliiformis.  To  show  probable  life 
habit,  a.  General  view  of  attached  animal  based  on 
complete  individual  figured  by  Linck  (1954,  pi.  51) 
with  the  stem  attached  as  shown  by  Hagdorn  (1978, 
fig.  6-82)  and  the  theca  trailing  down-current  as  in 
Cenocrinus  asterius  of  text-fig.  6.  The  total  length  of 
the  stem  and  theca  is  137  m.  b.  Enlarged  view  of 
theca  to  show  probable  current  regime.  Assuming  a 
theca  with  1 = diameter  = 0 025  m,  a current  velocity 
of  v = 0 05  m/sec,  and  a dynamic  viscosity  for  sea 
water  of  v = 10~6  m2/sec,  the  Reynolds  number 
R = lv/v  = 1250.  At  this  value  of  R , flow  will  be 
turbulent,  with  separation  of  the  boundary  layer  from 
the  theca  approximately  as  indicated.  There  will  be  a 
regime  of  eddies  and  mixing  near  the  bases  of  the 
arms,  just  downstream  of  the  separation.  The  pair  of 
eddies  as  shown  will  represent  a condition  averaged 
over  time.  The  instantaneous  condition  will  be  more 
complicated  with  numerous  much  smaller  eddies  and 
mixing  of  water.  The  interpinnular  channels,  being 
best  developed  near  the  arm  bases,  would  drain  off 
water  from  this  slowly  moving,  strongly  turbulent 
region.  No  attempt  has  been  made  to  reconstruct  the 
flow  near  the  central  axis  of  the  theca. 


an  arm  would  rotate  away  from  the  mid-line  of  the  arm  and  downwards  (by  articulation  between 
brachial  and  first  pinnular  plates)  and  away  from  the  mid-line  of  the  arm  (by  articulation  between 
the  first  and  second  pinnular  plates).  There  would  have  been  no  movement  of  the  lowest  pinnule 
on  its  brachial  plate.  Also,  outward  warping  between  the  brachial  plates  of  the  lower  part  of  the 
arm,  especially  in  the  externally  uniserial  region,  would  tend  to  rotate  higher  pinnules  away  from 
the  lower  ones  and  thus  to  open  gaps  between  them  (cf.  text-figs,  lc,  d).  The  downward  rotation  of 
the  pinnules  on  their  articulations  with  the  brachials,  on  the  other  hand,  would  tend  to  close  the 
spaces  between  pinnules.  Probably  this  closure  was  tightest  in  the  lower  parts  of  the  arms,  where 
the  pectinate  ornament  was  best  developed.  Here  the  tight  closure  would  produce  interpinnular 
channels.  Higher  up  the  arm,  the  outward  flexing  of  the  arm  in  the  biserial  region  would  tend  to 
separate  the  pinnules  from  each  other.  Consequently,  the  lower  pinnules  would  be  pressed  closer 
together  than  the  higher  pinnules. 

As  neighbouring  arms  opened  away  from  each  other,  the  articulation  of  the  pinnules  with  the 
brachial  plates,  and  of  the  first  pinnular  plates  with  the  second,  would  cause  the  pinnules  to  rotate 
outwards,  away  from  the  mid-line  of  the  arm  on  which  they  sat.  In  consequence,  except  near  the 
tips  of  the  arms,  the  left  pinnule  series  of  an  arm  would  remain  in  contact  by  the  tips  of  the  pinnules 
with  the  adjacent  right  pinnule  series  of  the  next  arm,  as  shown  in  text-figs.  2b,  d.  Thus  there  would 
be  ten  external  chambers  (text-fig.  2d),  presumably  inhalent,  each  of  which  would  be  separated,  by 
a pair  of  walls  (or  rather  palisades)  constructed  of  pinnules,  from  a single  internal  chamber, 
presumably  exhalent.  This  internal  chamber  would  resemble  a ten-pointed  star  in  transverse  section. 
When  the  crown  was  open,  a gap  would  remain  at  the  base  between  the  left  pinnule  series  of  one 
arm  and  the  right  pinnule  series  of  the  neighbouring  arm.  This  gap  was  probably  plugged,  however, 
by  upward  dilation  of  the  tegmen  (text-fig.  2a).  Thus  separation  between  the  inhalent  chambers  and 
the  exhalent  chamber,  except  by  way  of  gaps  between  adjacent  pinnules  in  the  same  pinnule  series, 
would  be  complete. 

Where  pectinate  ornament  existed  on  the  pinnules,  it  would,  as  already  mentioned,  produce 
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innumerable  tube-shaped  channels  between  the  pinnules.  Through  these  channels,  ciliary  currents 
would  actively  move  water  from  the  inhalent  to  the  exhalent  side  of  the  pinnule  series.  Indeed,  the 
presence  of  channels  with  this  function  is  the  only  reasonable  explanation  for  the  existence  of 
pectinate  ornament.  Food  particles  brought  with  the  feeding  current  through  the  interpinnular 
channels  would  be  captured  on  the  downstream  side  of  the  pinnules  by  tube  feet,  as  is  normal  for 
Recent  crinoids  (cf.  Nichols  I960). 

The  differences  between  higher  and  lower  pinnules  (i.e.  between  those  on  the  distal  and  proximal 
parts  of  an  arm)  need  particular  explanation.  As  already  mentioned,  these  differences  are  of  two 
sorts:  (1)  the  length  of  the  pinnules  varies  according  to  the  space  available  inside  the  crown;  and 
(2)  pectinate  ornament  is  better  developed  on  the  lower  pinnules  than  on  the  higher  ones,  and  in 
the  highest  pinnules  is  lacking  altogether. 

The  weakness  or  absence  of  pectinate  ornament  on  the  higher  pinnules  was  probably  for  several 
reasons.  Firstly,  as  shown  in  text-fig.  2b,  when  the  crown  was  moderately  open  the  pinnule  series 
of  neighbouring  arms  would  be  widely  separated  from  each  other  near  the  arm  tips  and  so  would 
not  have  functioned  well  by  the  ciliary  mechanism.  Secondly,  as  the  arms  opened,  the  pinnules 
would  rotate  downwards  in  the  crown  so  as  to  remain  in  contact  with  the  pinnules  beneath  them 
and  thus  to  be  piled  on  top  of  the  lowest,  almost  immobile  pinnule.  Under  these  conditions,  the 
average  spacing  between  higher  pinnules,  as  already  implied,  would  be  greater  than  betwen  lower 
pinnules.  And  if  pinnules  were  not  in  contact,  the  ciliary  pumping  mechanism  could  not  have 
functioned.  Thirdly,  at  the  Reynolds  numbers  likely  with  E.  liliiformis,  there  would  be  a system  of 
eddies  and  mixing  in  the  proximal  region  of  the  arms  (text-fig.  3).  The  slowly  moving  water  in  this 
region  could  easily  have  been  diverted  through  the  interpinnular  channels  by  ciliary  action,  which 
would  not  be  true  of  the  rapidly  flowing  water  that  hit  the  tips  of  the  arms.  Fourthly,  under  these 
same  conditions,  the  tips  of  the  arms,  being  in  relatively  rapid  water,  could  have  functioned  in  the 
normal  crinoid  manner  by  passive  filtration,  without  ciliary  pumping. 

Often,  as  already  mentioned,  the  stem  broke  near  the  base  but  the  animal  survived.  Such 
individuals  would  have  no  means  of  attachment  to  the  sea  bottom  unless  the  stem  were  extensively 
buried  as  an  anchor.  They  would  therefore  have  found  it  difficult  to  feed  by  passive  filtration  in  a 
horizontal  current  and  probably  could  not  have  opened  wide  enough  to  feed  by  the  slow  fall  of 
plankton  in  a plankton  rain.  Perhaps  these  rootless  individuals  rested  with  the  central  axis  of  the 
crown  vertical,  with  the  base  of  the  crown  on  the  mud  of  the  sea  floor  and  with  the  stem  extending 
horizontally  beneath  the  surface  of  the  mud  as  an  anchor.  In  such  a position  the  animal  could  feed 
entirely  by  active  filter  feeding,  drawing  ten  feeding  currents  into  the  inhalent  chambers  between  the 
arms  and  expelling  an  exhalent  current  vertically  upward  along  the  central  axis  of  the  crown. 

I suggest,  therefore,  that  E.  liliiformis  fed  partly  by  producing  its  own  feeding  current.  This  would 
be  caused  by  ciliary  beat  through  the  interpinnular  channels  and  sometimes  would  have  entirely 
replaced  passive  filtration.  In  other  words,  pectinate  ornament,  whose  existence  implies  the  presence 
of  these  interpinnular  channels,  was  evolved  as  part  of  a mechanism  for  active  ciliary  pumping. 
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THE  CRETACEOUS  DECAPOD  CRUSTACEA  OF 
ARGENTINA  AND  THE  ANTARCTIC  PENINSULA 

by  MARIA  BEATRIZ  AGUIRRE  URRETA 


Abstract.  Decapod  crustaceans  are  widespread  in  Cretaceous  rocks  of  the  mainly  marine  Mesozoic  Neuquen, 
and  Austral  or  Magallanes  basins  of  continental  Argentina  as  well  as  in  western  Antarctica.  The  Glypheidae 
are  represented  by  Glyphea  sp.  from  the  Neocomian  of  the  Neuquen  basin  and  G.  oculata  Woods  from  the 
Santonian  of  the  Austral  basin.  Meyerella  rapax  (Harbort)  is  described  from  the  late  Valanginian-early 
Hauterivian  of  the  Neuquen  basin.  Palaeastacus  terraereginae  (Etheridge),  P.  sussexiensis  (Mantel!),  Eryma  sp. 
cf.  E.  sulcata  Harbort  and  Enoploclytia  sp.  represent  the  erymids.  Hoploparia  longimana  (Sowerby), 
H.  antarctica  Wilckens,  H.  stokesi  (Weller),  H.  arbei  sp.  nov.,  and  H.  sp.  A and  B are  also  described  and  figured. 
Callianassids  are  represented  by  three  species:  Protocallianassa  patagonica  Aguirre  Urreta  from  the  early 
Cretaceous  of  the  Austral  basin,  Callianassa  meridionalis  Ball  from  the  late  Cretaceous  of  Antarctica  and 
C.  burckhardti  Bohm  from  the  Cretaceous-Tertiary  boundary  of  the  Neuquen  basin,  associated  with  trace 
fossils  of  the  ichnogenus  Thalassinoides.  No  brachyurans  are  presently  known  in  Cretaceous  rocks  of 
Argentina.  Four  paleogeographic  reconstructions  from  the  late  Jurassic  to  the  early  Tertiary  depict  the 
stratigraphic  and  geographic  distributions  of  the  genera  studied. 

Remains  of  decapod  crustaceans  have  been  known  in  Cretaceous  rocks  of  Argentina  since  the 
beginning  of  the  century.  Such  remains  were  very  scarce  and  consist  of  fragmentary  specimens 
recovered  from  isolated  localities  of  the  Austral  and  Neuquen  basins,  as  well  as  from  Antarctica. 
During  the  last  ten  years  our  knowledge  of  the  Cretaceous  decapod  fauna  has  notably  increased  due 
to  extensive  collecting.  The  purposes  of  this  paper  are  to  describe  the  Cretaceous  decapod 
crustaceans  of  Argentina,  mainly  based  on  personal  collections,  to  supplement  previous 
descriptions,  and  to  provide  illustrations  of  well-preserved  material. 

GEOLOGY 

Geological  setting 

The  decapod  crustaceans  described  from  the  main  Cretaceous  marine  basins  of  Argentina  (text-fig. 
1)  are  from  the  Neuquen  and  Austral  (or  Magallanes)  basins  and  from  the  Antarctic  region,  at  that 
time  part  of  a continuous  foreland  connecting  the  Antarctic  Peninsula  with  the  Patagonian  terrains 
(Dalziel  1974). 

Neuquen  basin.  This  basin  has  thick  marine  Mesozoic  sequences  derived  from  successive  Pacific 
transgressions  which  are  closely  related  to  the  evolution  of  the  Andes  between  latitudes  32°  and 
39°  S (text-fig.  2).  The  Early  Cretaceous  marine  sequence  comprises  the  Mendoza  Group  and 
consists  of  black  shales  (Vaca  Muerta  Formation;  Tithonian-Berriasian),  thinly  laminated 
limestones  (Quintuco  Formation;  Berriasian-Valanginian),  sandstones  and  shales  (Mulichinco 
Formation;  Berriasian-Valanginian)  and  limestones  and  shales  (Agrio  Formation;  Hauterivian- 
Barremian)  (see  Digregorio  and  Uliana  1979).  The  Valanginian  sequence  of  the  southern  Mendoza 
sector  is  represented  by  thick  carbonate  deposits  of  the  Chachao  Formation  (Uliana  et  al.  1979)  (see 
text-fig.  3). 

The  Late  Cretaceous  marine  sequence  of  the  Malargiie  Group  overlies  the  continental  deposits 
of  Rayoso  and  Neuquen  Groups.  The  former  is  composed  at  the  base  of  brackish  water  shales 
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text-fig.  I . Location  of  the  studied  areas.  Rectangles 
indicate  text-figs.  2,  4 and  5. 


(Loncoche  Formation),  marine  sandstones  and  shales  (Roca  Formation)  and  continental  red  beds 
(Pircala  Formation).  The  Roca  Formation  represents  the  first  Atlantic  transgression  following  the 
opening  of  the  South  Atlantic  at  these  latitudes  (Weaver  1927). 

Austral  Basin.  This  basin  is  developed  south  of  latitude  45°  S and  contains  a lower  section  derived 
from  a Pacific  transgression,  and  an  upper  section  connected  with  the  South  Atlantic.  This  last 
seaway  was  established  after  the  Cenomanian  (Camacho  1967)  (text-fig.  4).  The  lowest  part  of  the 
section  is  represented  by  the  Pueyrredon  Group,  which  is  comprised  of  basal  sandstones  of  the 
Springhill  Formation  (Tithonian-early  Valanginian),  black  shales  of  the  Rio  Mayer  Formation 
(Berriasian-late  Albian)  and  sandstones  which  mark  the  slow  regression  of  the  Cretaceous  seas  to 
the  south  (Flatcher  1900;  Aguirre  Urreta  and  Ramos  19816).  These  sandstones  are  represented  in 
the  northern  part  of  the  basin  by  the  Rio  Belgrano  Formation  (Barremian-early  Aptian),  by  the 
Kachaike  Formation  (Albian-Cenomanian)  of  the  San  Martin  Lake  area;  and  by  the  Piedra 
Clavada  Formation  (Albian-Cenomanian)  of  the  Cardiel  Lake  region  (Riccardi  1971;  Ramos 
1982). 

The  sequence  of  turbidites  of  the  Cerro  Toro  Formation  is  deposited  over  the  black  shales  of  the 
Rio  Mayer  Formation  at  the  middle  inner  part  of  the  basin  (Riccardi  and  Rolleri  1980).  The  eastern 
southern  part  of  the  basin  is  represented  by  regressive  sandstones  and  shales  of  the  Puesto  El  Alamo 
Formation  (Cenomanian-Coniacian),  Mata  Amarilla  Formation  (Coniacian-Santonian)  and 
Cerro  Cazador  Formation  (Campanian-Maastrichtian)  (see  Leanza  1972;  Nullo  et  al.  1981  a and 
6;  Malumian  et  al.  1983;  Riccardi  1988;  Riccardi  and  Aguirre  Urreta  1988;  text-fig.  3). 

Antarctic  Sector.  Two  different  basins  can  be  distinguished  in  the  Antarctic  Peninsula  during  the 
Mesozoic  with  diverse  geologic  evolution;  the  eastern  forearc  and  western  retroarc  basins 
(Thomson  1983;  text-fig.  5).  The  western  basin  encompasses  the  terrains  adjacent  to  Alexander 
Island  (70°  to  72°  S),  where  mainly  marine  clastic  sequences  of  late  Jurassic  to  Albian  age  are 
exposed.  The  Fossil  Bluff  Formation  consists  of  mudstones  with  a smaller  amount  of  sandstones 
and  conglomerates  (Thomson  1983). 

The  Eastern  basin  is  well  developed  at  the  northeastern  extremity  of  the  Antarctic  Peninsula  in 
James  Ross,  Snow  Hill,  Vega,  Seymour  (Vicecomodoro  Marambio  in  the  Argentina  literature)  and 
adjacent  islands  (63°  to  65°  S).  The  Upper  Cretaceous  marine  fossiliferous  sequence  (Santa  Marta 
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text-fig.  2.  Distribution  of  Cretaceous  outcrops  in  the  Neuquen  Basin.  Fossil  localities  with  decapod 
crustaceans  cited  in  the  text  and  a generalized  stratigraphic  column  are  also  shown.  (Base  map  from 

Riccardi  1983.) 


and  Lopez  de  Bertodano  formations)  consists  of  siltstones,  shales  with  calcareous  nodules, 
sandstones  and  conglomerates.  A Campanian-Maastrichtian  age  is  assigned  to  these  formations 
based  on  the  invertebrate  and  microplankton  assemblages  (Palamarczuk  et  al.  1984;  Macellari 
1986;  Olivero  et  al.  1986;  text-fig.  3). 
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text-fig.  3.  Stratigraphic  chart  for  the  Neuquen,  Austral  and  Antarctic  basins  during  the  Cretaceous. 


FOSSIL  LOCALITIES 

All  fossil  localities  are  indicated  by  numbers  in  the  following  text  and  on  text-figs.  2,  4 and  5. 


Neuquen  basin  (provinces  of  Mendoza,  Neuquen,  Rio  Negro  and  La  Pampa;  text-fig.  2) 

1 Los  Pirilos.  This  locality  is  located  on  the  access  to  Banos  de  Chachao  from  highway  40,  in  discontinuous 
outcrops  of  the  Chachao  Formation.  Damborenea  et  al.  (1979)  described  Callianassa  aff.  peruviana  from  these 
beds  dated  as  late  Berrasian  to  early  Valanginian. 

2.  Malargiie.  Three  specimens  of  Callianassa  sp.  are  deposited  in  the  collections  of  Museo  de  La  Plata  which 
were  collected  from  the  Malargiie  Formation,  dated  as  Maastrichtian  by  Bertels  (1969). 

3.  Cerro  La  Parva.  This  locality,  situated  east  of  Chacay  Melehue,  is  where  Regairaz  (1944)  collected  several 
specimens  referred  to  Meyerella  rapax  (Harbort),  from  levels  3 and  5 of  his  profile  X,  in  the  Mulichinco 
Formation.  They  were  associated  with  Karakaschiceras  attenuatus  (Beherendesen),  an  ammonite  indicating  a 
late  Valanginian-early  Hauterivian  age  (Riccardi  et  al.  1971;  Riccardi  1984).  I recently  collected  five  more 
specimens  of  M.  rapax  from  the  same  level  and  locality. 

4.  Aguada  de  la  Mula.  This  locality  is  situated  8 km  south  of  the  village  of  Churriaca,  on  the  western  flank  of 
Mula-Naunauco  anticline,  near  Pampa  del  Salado.  A.  Gutierrez  collected  a specimen  of  Glyphea  sp.,  from  the 
upper  Agrio  Formation,  above  the  highest  level  of  Crioceratites  andinum  (Gerth),  an  ammonoid  indicative  of 
a late  Hauterivian-early  Barremian  age  (Riccardi  1984). 

5.  Curru  Mahuida.  This  locality  is  situated  70  km  south  of  the  city  of  Zapala,  in  the  area  of  Covunco  centra. 
J.  Frenguelli  collected  three  fragmentary  chelipeds  here,  assigned  to  Hoploparia  sp.  B.  They  were  associated 
with  Thurmaniceras  sp.,  assigned  to  the  Berriasian-early  Valanginian  (Frenguelli  1937;  Riccardi  1984). 

6.  Genera!  Roca.  General  Roca  is  a classic  locality  of  the  Roca  Formation,  situated  2-5  km  north  of  the  city 
of  General  Roca.  Bohm  (1911)  described  and  illustrated  Callianassa  burckhardti  Bohm  from  the  Danian  beds 
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text-fig.  4.  Distribution  of  Cretaceous  outcrops  in  the  Austral  Basin.  Fossil  localities  with  decapod 
crustaceans  cited  in  the  text  and  three  generalized  stratigraphic  columns  are  also  shown.  (Base  map  from 

Riccardi  1983.) 
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text-fig.  5.  Distribution  of  Cretaceous  outcrops  in  the  Antarctic  Peninsula  and  adjacent  islands.  Fossil 
localities  with  decapod  crustaceans  cited  in  the  text  and  two  generalized  stratigraphic  columns  are  also  shown. 
Insert  on  the  top  left  margin  is  a detail  of  the  James  Ross  Island  group.  (Base  map  from  Thomson  1983.) 
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of  the  formation.  In  other  localities  of  the  Neuquen  basin,  fragmentary  chelae  here  referred  to  callianassids, 
have  been  collected  by  several  workers  ( Sierra  de  Huantraico  [7]  Ramos  ( 1981 );  Cerros  Bayos  [8]  Leanza  (1967); 
Bajo  Hondo  [9],  Etchevehere  (1950));  text-fig.  2)  from  both  Maastrichtian  and  Danian  beds. 


Austral  basin  (province  of  Santa  Cruz;  text-fig.  4) 

10.  Rio  Belgrano  este.  This  locality  is  situated  on  the  east  side  of  the  Belgrano  River,  I km  above  its  mouth 
in  the  extra-andean  plains.  A complete  and  articulated  specimen  of  Palaeastacus  terraereginae  (Etheridge)  was 
found  together  with  abundant  Hatchericeras  patagonense  (Stanton)  and  conspicuous  bioturbation,  in  the  Rio 
Belgrano  Formation.  The  age  of  this  assemblage  is  Barremian. 

1 1.  Lago  Belgrano  Sur.  This  locality  was  discovered  by  ITauthal  (in  Feruglio  1949,  p.  182)  on  the  northern 
shore  of  Lake  Belgrano.  I collected  one  specimen  of  Eryma  cf.  E.  sulcata  Harbort  from  the  Rio  Mayer 
Formation,  associated  with  the  ammonoids  Favrella  americana  (Favre)  and  Aegocrioceras  sp.,  indicating  an 
upper  early  Hauterivian  age  (Riccardi  1984). 

12.  Chorrillo  Rivera.  This  locality  is  situated  approximately  7 km  southeast  of  the  mouth  of  Roble  River  in 
Lake  Burmeister.  Several  fragmentary  specimens  of  P.  terraereginae  (Etheridge)  were  collected  from  the  Rio 
Mayer  and  Rio  Belgrano  formations,  associated  with  the  ammonoids  Hatchericeras  patagonense  (Stanton)  and 
Cryptocrioceras  yrigoyeni  (Leanza),  indicating  a Barremian  age  (Aguirre  Urreta  and  Ramos  19816). 

13.  Chorrillo  del  Medio.  The  locality  is  situated  on  the  eastern  bank  of  the  Chorrillo  (creek)  del  Medio,  5 km 
above  its  confluence  with  the  Nire  River.  A rich  fauna  composed  of  P.  terraereginae  (Etheridge),  Hoploparia 
longimana  (Sowerby),  and  Protocallianassa  patagonica  Aguirre  Urreta  was  recovered  from  the  upper  part  of 
the  Rio  Mayer  Formation,  associated  with  the  ammonoids  Colchidites  vulanensis  australis  Klinger,  Kakabadze 
and  Kennedy  and  Sanmartinoceras  africanwn  insignicostatwn  Riccardi,  Aguirre  Urreta  and  Medina,  indicating 
a late  Barremian  age  (Aguirre  Urreta  and  Klinger  1986;  Riccardi  et  al.  1987). 

14.  Loma  Pelacla.  This  locality  is  situated  6 km  north-northeast  of  Estancia  Tucu-Tucu,  on  the  top  of  a small 
hill  known  as  Bald  Mountain  (Hatcher  1903).  Aguirre  Urreta  (1983)  illustrated  specimens  of  P.  patagonica 
associated  with  the  same  ammonoid  fauna  found  at  locality  13. 

15.  Puesto  Bajo  Comisidn.  This  locality  is  situated  on  the  south  valley  of  Bajo  Comision  Creek,  tributary  of 
the  Fosiles  River.  A fragmentary  specimen  of  Enoploclytia  sp.,  recovered  from  the  Rio  Mayer  Formation,  is 
associated  with  a rich  assemblage  of  ammonoids  including  Australiceras  (A.)  hallei  Aguirre  Urreta, 
Toxoceratoides  nagerai  (Leanza)  and  Sanmartinoceras  walshense  (Etheridge)  of  late  early  Aptian  age  (Aguirre 
Urreta  1985a;  1986;  Riccardi  et  al.  1987). 

16.  La  M uralla.  This  locality  is  situated  in  the  region  of  San  Martin  Lake,  1 km  south-east  of  Puesto  Bajo 
Comision.  I have  collected  three  specimens  of  P.  terraereginae  (Etheridge)  and  one  specimen  of  Hoploparia 
sp.  A,  associated  with  the  ammonoid  Peltocrioceras  deeckei  (Favre),  indicative  of  a late  Aptian  age  (Aguirre 
Urreta  1985a)  from  the  uppermost  part  of  the  Rio  Mayer  Formation. 

17.  La  Sehalada.  This  locality  is  situated  4 km  north  of  Estancia  Sierra  Nevada,  near  Lake  San  Martin. 
Three  chelae  of  Hoploparia  sp.  A were  collected  from  the  upper  Rio  Mayer  Formation,  associated  with  the 
ammonoids  P.  deeckei  (Favre)  and  Helicancylus  patagonicus  (Stolley)  indicating  a late  Aptian  age  (Aguirre 
Urreta  1985a;  1986). 

18.  La  Horqueta.  This  locality  discovered  by  Piatnitzky  (1938),  is  located  on  Cardiel  River,  approximately 
0-4  km  west  of  its  confluence  with  del  Medio  River.  I have  collected  three  chelae  assigned  to  Hoploparia  sp.  A 
from  the  Rio  Mayer  Formation,  associated  with  Australiceras  (A.)  hallei  and  Tropaeum  (T.)  inflation  Aguirre 
Urreta  spp.,  ammonoids  indicating  an  Aptian  age  (Riccardi  1984;  Aguirre  Urreta  1985a). 

19.  Rio  Cardiel.  This  locality  is  situated  on  the  southern  slope  of  Karken  Hill,  on  the  northern  margin  of 
Cardiel  River,  5 km  upstream  from  its  mouth  in  Cardiel  Lake.  Specimens  of  Palaeastacus  sussexiensis 
(Mantell)  (one  specimen  collected  by  F.  Medina)  were  found  in  the  fossiliferous  upper  part  of  the  Rio  Mayer 
Formation,  associated  with  P.  deeckei  (Favre)  from  the  late  Aptian  (Aguirre  Urreta  1985a). 

20.  Puesto  El  Alamo.  This  locality  is  situated  on  the  northern  coast  of  Viedma  Lake  (Nullo  et  al.  1981a,  locality 
2 of  fig.  1).  Two  specimens  of  Hoploparia  arbei  sp.  nov.  were  collected  by  H.  Arbe  and  a collection  of  more 
than  30  specimens  was  later  made  by  A.  Riccardi,  H.  Klinger  and  B.  Aguirre  Urreta  from  outcrops  of  the 
Puesto  El  Alamo  Formation  together  with  the  ammonite  Placenticeras  Meek,  indicating  the  Turonian- 
Coniacian  boundary  (Riccardi  and  Aguirre  Urreta  1988). 

21.  Bajo  Cerro  Indice.  This  locality  is  situated  near  Indice  Hill,  south-east  of  Viedma  Lake,  where  I collected 
four  specimens  of  Glyphea  oculata  Woods  from  outcrops  of  the  Mata  Amarilla  Formation  in  the  same  levels 
with  Baculites  cf.  kirki  Matsumoto,  Anagaudryceras  cf.  politissimum  (Kossmat)  and  Polyptychoceras  ( P .)  sp., 
indicating  a Santonian  age  (Riccardi  and  Aguirre  Urreta  1988). 
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22.  Arroyo  Centinela.  This  locality  is  situated  south  of  Argentino  Lake  (Nullo  et  aL  1981a,  locality  14  of  fig. 
3)  where  Nanez  collected  four  chelae  of  Callianassa  sp.  from  outcrops  of  the  Rio  Guanaco  Formation  (Nullo 
et  al.  19816)  or  the  Cerro  Toro  Formation  (Riccardi  and  Rolleri  1980)  of  late  Santonian-early  Campanian  age 
based  on  its  ammonite  fauna  (Nullo  et  al.  19816). 

23.  Cerro  Cazador.  This  classic  locality  of  the  Austral  Basin  is  situated  near  Chile,  60  km  south  of  the  city  of 
Rio  Turbio.  Hauthal  (in  Wilckens  1907)  collected  the  holotype  of  Hoploparia  antarctica  Wilckens  from  the 
Cerro  Cazador  Formation  (level  f)  which  is  associated  with  Hoplitoplacenticeras  plasticum  (Paulcke),  an 
ammonoid  of  late  Campanian  age  (Riccardi  1984). 

24.  Arroyo  San  Jose.  This  locality  is  situated  6 km  south  of  San  Jose  Creek,  near  the  Estancia  San  Jose,  in 
Sierra  Dorotea.  M.  Hiinicken  collected  a specimen  of  H.  antarctica  Wilckens  from  a horizon  55  m below  the 
top  of  the  Cerro  Cazador  Formation  and  assigned  this  level  to  the  Campanian-earliest  Maastrichtian 
(Hiinicken  1955;  Riccardi  1984). 


Eastern  Antarctic  basin  (text-fig.  5) 

25.  Admiralty  Sound  ( Estrecho  Bouchard).  The  first  description  of  Cretaceous  decapods  from  Antarctica  was 
that  of  ‘ Glvphea ’ stokesi  Weller  from  this  locality,  situated  on  the  north-western  coast  of  Snow  Hill  Island 
(Weller  1903;  Ball  1960). 

26.  Croft  Bay.  Several  localities  are  situated  on  the  edges  of  Croft  Bay,  on  the  north  east  coast  of  James  Ross 
Island.  Remains  of  Meyeria  crofti  Ball,  Hoploparia  stokesi  (Weller),  and  Callianassa  meridionalis  Ball  are 
associated  with  ammonoids  which  indicate  an  early  to  middle  Campanian  age  (Ball  1960). 

27.  Brandy  Bay  (Bahia  Bonita).  Six  specimens  of  C.  meridionalis  Ball  described  and  illustrated  herein  were 
collected  by  E.  Olivero  from  this  locality,  situated  in  the  northern  extremity  of  James  Ross  Island,  associated 
with  Campanian  ammonoids  of  the  Baculites  bailyi  zone  (Olivero  pers.  comm.  1986). 

28.  Bahia  Santa  Marta.  This  locality  is  in  a cove  situated  on  the  north-northeastern  coast  of  James  Ross  Island. 
A.  Lopez  Angrimann  collected  three  specimens  of  C.  meridionalis  Ball  from  the  Santa  Marta  Formation  of 
?Santonian-Campanian  age  (Olivero  et  al.  1986). 

29.  Cabo  Bodmann.  This  locality  is  situated  south-east  of  Bodmann  Cape,  on  the  northern  coast  of  Seymour 
(Vicecomodoro  Marambio)  Island.  Del  Valle  and  Rinaldi  (1975)  described  several  specimens  of  H.  stokesi 
(Weller)  from  this  locality,  associated  with  Pachydiscus  aff.  gollevillensis  and  Maorites  tuberculatus  of  late 
Campanian  age. 

30.  Cabo  Lamb.  This  locality  is  situated  in  the  southwestern  extreme  of  Vega  Island.  Two  specimens  of 
H.  stokesi  (Weller)  described  here  were  collected  by  F.  Medina  and  R.  del  Valle,  from  Campanian  beds  of  the 
Lopez  de  Bertodano  Formation. 


Western  Antarctic  basin  (text-fig.  5) 

31.  East  Coast  of  Alexander  Island.  A series  of  13  localities  with  decapods  is  known  from  the  east  coast  of  the 
island.  The  age  of  the  different  assemblages  ranges  from  the  Berrasian  to  early  Albian  (Taylor  1979). 


COMPOSITION  OF  THE  FAUNA 

The  composition  of  the  fauna  varies  from  central  to  southern  basins,  as  well  as  amongst  the  different 
stratigraphic  levels. 

In  the  Neuquen  Basin,  the  Lower  Cretaceous  assemblages  are  mainly  composed  by  glypheids  and 
mecochirids  while  the  late  Cretaceous-early  Tertiary  one  is  exclusively  composed  of  callianassids. 
In  the  Austral  Basin,  the  Lower  Cretaceous  fauna  is  rich  and  includes  several  species  of  erymids, 
nephropids,  and  callianassids,  while  the  Senonian  forms  are  poorly  known  and  represented  by  a few 
specimens  of  glypheids,  nephropids  and  callianassids  (see  text-fig.  6). 

In  Antarctica,  decapod  crustaceans  are  known  from  late  Berriasian  to  Aptian-Albian  deposits  in 
Alexander  Island  and  represent  a diversified  fauna  of  callianassids,  mecochirids,  glypheids,  axiids, 
and  erymids  (Taylor  1979).  They  are  also  known  from  the  late  Cretaceous  of  James  Ross  and 
adjacent  islands,  where  an  abundant,  beautifully  preserved  fauna  of  nephropids,  callianassids  and 
mecochirids  occurs  (text-fig.  6). 
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text-fig.  6.  Distribution  of  the  Cretaceous  decapod  crustaceans  in  the  Neuquen,  Austral  and  Antarctic  basins. 


PRESERVATION 

Preservation  of  fossil  decapods  is  usually  good  because  they  mostly  occur  in  concretions.  In  spite 
of  this,  they  are  only  locally  common  and  normally  represent  a small  part  of  the  fossil  assemblages 
which  are  usually  dominated  by  ammonoids. 

Two  kinds  of  concretions  are  present,  calcite  concretions  or  nodules  and  limonite-cemented 
sandstone  concretions.  The  calcium  carbonate  nodules  are  very  ‘tight’  and  hard,  and  are 
surrounded  by  black  shales.  These  nodules  were  formed  during  the  early  stage  of  diagenesis  due  to 
local  pH  conditions  generated  by  the  decomposition  of  organic  matter  creating  local  environments 
chemically  favourable  to  the  formation  of  calcium  carbonate  concretions  (Waage  1964).  The  fossils 
are  excellently  preserved  as  one  or  more  fragments  at  the  central  core  but  difficult  to  prepare  because 
of  the  toughness  of  the  concretions.  Most  specimens  are  articulated  and  have  the  carapace  filled 
with  calcite-cemented  mud.  Sandy  concretions  are  found  where  the  fossils  are  preserved  along 
bedding  planes.  The  concretions  are  epidiagenetically  formed  by  differential  precipitation  of  iron 


508 


PALAEONTOLOGY,  VOLUME  32 


R 


text-fig.  7.  Sketch  figure  of  a generalized  eryrnid  with  the  main  morphological  features  of  the  cephalothorax 

(modified  from  Forster  1966). 

oxides,  which  increased  the  lithification  of  the  sandstone  and  contributed  to  the  preservation  of  the 
fossils. 

In  some  cases  (i.e.  the  Upper  Cretaceous  callianassids  from  the  Neuquen  Basin)  the  fossils  are 
preserved  as  partially  eroded  fragments,  loose  and  dispersed  as  clasts  in  a clastic  matrix,  often 
associated  with  trace  fossils.  Effects  of  disarticulation  or  crushing  are  common,  and  some  specimens 
are  found  in  moulting  position  (see  PI.  56,  figs.  1-2;  PI.  58,  fig.  4). 


PREVIOUS  OCCURRENCES 

The  first  description  of  a Cretaceous  decapod  crustacean  from  continental  Argentina  was  that  of 
Wilckens  (1907),  who  described  and  illustrated  (a  drawing)  a specimen  of  Hoploparia?  antarctica 
Wilckens  from  the  late  Cretaceous  of  Southern  Patagonia.  Bohm  (1911)  later  described  palms  of 
Callianassa  burckhardti  Bohm  from  the  late  Maastrichtian-Danian  of  the  Neuquen  Basin.  In 
Antarctica,  Weller  (1903)  described  and  illustrated  ‘ Glyphea'  stokesi  Weller  from  the  Senonian  beds 
of  Snow  Hill  Island. 

A publication  hiatus  of  over  fifty  years  transpired  before  Ball  (1960)  described  several  beautifully 
preserved  specimens  of  Hoploparia  stokesi  (Weller)  from  James  Ross  and  adjacent  islands,  together 
with  remains  of  Callianassa  meridionalis  and  Meyeria  crofti  Ball  spp.  Del  Valle  and  Rinaldi  (1975) 
subsequently  described  specimens  of  H.  stokesi  associated  with  late  Campanian  ammonoids  from 
Seymour  (Vicecomodoro  Marambio)  Island. 

Taylor  (1979)  published  a comprehensive  study  of  the  Lower  Cretaceous  decapod  fauna  of 
Alexander  Island,  describing  and  illustrating  specimens  of  Glyphea  alexandri,  G.  georgiensis , 
Schueteria  carinata , Protocallianassa  antarctica , Palaeastacus  foersteri  Taylor  spp.,  P.  terraereginae 
(Etheridge),  P.  cf.  P.  sussexiensis , Trachysoma  aff.  T.  or  nation,  Enoploclytia  sp.  and  Mecochirus  sp. 

New  specimens  from  the  early  Cretaceous  of  the  Austral  Basin  were  studied  by  Aguirre  Urreta 
and  Ramos  ( 1981a),  who  described  : P.  terraereginae  (Etheridge),  Eryma  cf.  sulcata  and  Hoploparia 
sp.  Aguirre  Urreta  (1983)  described  Protocallianassa  patagonica  Aguirre  Urreta,  Hoploparia 
longimana  (Sowerby),  P.  terraereginae  (Etheridge)  and  Enoploclytia  sp.  from  Barremian  deposits  of 
the  Austral  Basin.  A comprehensive  summary  of  the  Cretaceous  decapod  fauna  was  prepared  by 
Aguirre  Urreta  ( 19856),  with  the  description  of  glypheids  from  southern  Patagonia  and  mecochirids 
from  the  Neuquen  Basin. 

Feldmann  and  Tshudy  (1987)  published  a study  on  the  ultrastructure  in  cuticles  from  Hoploparia 
stokesi  (Weller)  from  the  Lopez  de  Bertodano  Formation  of  Seymour  Island,  Antarctica. 


REPOSITORIES 

The  fossils  are  deposited  in  the  following  institutions. 

CIRGEO.  Centro  de  Investigaciones  en  Recursos  Geologicos,  Ramirez  de  Velazco  847.  1414-Buenos  Aires, 
Argentina. 
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CORD-PZ.  Catedra  de  Paleontologi'a,  Universidad  Nacional  de  Cordoba,  Av.  Velez  Sarfield  299. 
5000-Cordoba,  Argentina. 

CPBA.  Catedra  de  Paleontologi'a,  Universidad  de  Buenos  Aires,  Ciudad  Universitaria,  Pabellon  2,  Geologia. 
1428-Buenos  Aires,  Argentina. 

MLP.  Division  Paleozoologia  de  Invertebrados,  Museo  de  La  Plata,  Paseo  del  Bosque  s/n.  1900-La  Plata, 
Argentina. 


SYSTEMATIC  PALAEONTOLOGY 

Morphological  terms  are  from  Forster  (1966)  and  Glaessner  (1969).  A sketch  figure  with  the  most 
important  morphological  features  present  in  the  cephalothorax  of  each  different  family  is  presented 
before  the  respective  descriptions  (see  text-figs.  7,  11,  14,  and  17).  Localities  are  numbered  as  in  the 
text  and  text-figs.  2,  4 and  5. 

Order  decapoda  Latreille,  1803 
Suborder  pleocyemata  Burkenroad,  1963 
Infraorder  astacidea  Latreille,  1803 
Family  erymidae  van  Straelen,  1924 
Subfamily  eryminae  van  Straelen,  1924 
Genus  palaeastacus  Bell,  1850 

Type  species.  Astacus  sussexiensis  Mantell  1833  (=  Palaeastacus  clixoni  Bell  1850)  by  original  designation. 

Diagnosis.  Erymid  with  gastroorbital  groove  weak,  postcervical  groove  strong  and  separated  from 
branchiocardiac.  Chelipeds  stout,  with  square,  spiny  palm  and  short  fingers. 

Comments.  There  is  considerable  disagreement  between  different  authors  about  the  taxonomic 
status  of  Eryma  v.  Meyer,  Palaeastacus  Bell  and  Enoploclytia  McCoy,  and  the  validity  of 
Phlyctisoma  Bell,  as  well  as  their  stratigraphic  ranges.  The  erymids  were  revised  by  Forster  (1966) 
and  a good  summary  of  the  discussion  is  given  by  Taylor  (1979);  the  former  author  recognized  the 
four  taxa  as  different  genera.  Enoploclytia  and  Palaeastacus  were  described  as  Cretaceous  forms, 
while  Eryma  developed  during  the  Jurassic  and  became  extinct  in  the  early  Cretaceous.  Phlyctisoma 
is  known  from  Jurassic  and  Cretaceous  localities,  but  with  a more  scattered  distribution. 

Palaeastacus  differs  from  Eryma  in  its  more  sculptured  carapace,  in  having  the  postcervical 
groove  stronger  than  the  branchiocardiac  and  usually  subparallel  to  it,  and  in  having  a stout  palm 
with  shorter  fingers  (Forster  1966).  The  main  difference  between  Enoploclytia  and  Palaeastacus  are 
in  the  form  and  size  of  the  chelipeds.  In  the  former  the  chelae  are  long  and  slender,  with  a 
rectangular  palmar  portion  of  the  propodus  and  with  long  and  slender  fingers,  while  in  the  latter 
the  chelae  are  stout,  with  shorter  fingers.  They  also  differ  in  the  major  or  minor  development  of  the 
postcervical  and  branchiocardiac  grooves  (Forster  1966;  Glaessner  1969).  They  were  included  as 
two  subgenera  of  Enoploclytia  by  Mertin  (1941).  Palaeastacus  differs  from  Phlyctisoma  in  having  a 
more  compressed  cephalothorax,  weak  gastroorbital  groove,  postcervical  groove  not  joining  i and 
granulose  or  punctate  sculpture,  but  not  as  coarse  as  in  the  latter  genus. 

Palaeastacus  evolved  from  Eryma  in  the  Jurassic,  according  to  Forster  (1966,  text-fig.  37).  As 
interpreted  here,  it  ranges  from  the  early  Jurassic  to  the  late  Cretaceous  in  different  parts  of  the 
world,  but  seems  to  be  more  widespread  in  the  early  Cretaceous.  Different  Cretaceous  species  have 
been  identified  in  Antarctica  (Taylor  1979),  Australia  (Etheridge  1914;  Woods  1957;  Hill  et  al. 
1968),  ? France  (Tribolet  1 873^4),  Great  Britain  (Bell  1850;  Woods  1931),  North  America  (Rathbun 
1935;  Stenzel  1945;  Richardson  1955;  Roberts  1962)  and  Patagonia  (Aguirre  Urreta  and  Ramos 
1981a;  Aguirre  Urreta  1983,  19856;  text-figs.  21  and  22). 
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Palaeastacus  sussexiensis  (Mantell,  1833) 

Text-figs.  8-10 

1833  Astacus  sussexiensis  Mantell,  p.  124,  fig.  2. 

1850  Palaeastacus  dixoni  Bell,  p.  344,  pi.  38,  figs.  1-4. 

71863  Hoploparia  scabra  Bell,  p.  28,  pi.  7,  figs.  3-7. 

71863  Phlyctisoma  granulatum  Bell,  p.  36,  pi.  11,  figs.  9-10. 

1931  Enoploclytia  dixoni  (Bell);  Woods,  p.  83,  pi.  23,  figs.  9-12;  pi.  24,  figs.  1-3. 

1941  Enoploclytia  (Palaeastacus)  sussexiensis  (Mantell);  Mertin,  p.  161,  text-fig.  4 a. 

1966  Palaeastacus  sussexiensis  (Mantell);  Forster,  p.  133,  pi.  17,  fig.  6. 

Material  and  localities.  One  specimen  corresponding  to  the  left  side  of  the  cephalothorax  and  left  first 
pereiopod  (CPBA  14097),  and  a second  specimen  corresponding  to  the  left  side  of  the  cephalothorax  and  the 
right  manus  (CIRGEO  988,  F.  Medina  coll.)  from  locality  19. 

Description.  Length  of  cephalothorax  from  base  of  rostrum  to  posterior  margin  along  mid-dorsal  line  ranges 
from  76  to  95  mm. 

Anterior  region  large,  ornamented  with  strong  spines  arranged  in  rows  near  the  dorsal  margin.  A ridge  is 
well  defined  from  the  base  of  rostrum  downward  and  backward.  Below  this  ridge  the  spines  and  tubercles  are 
much  smaller  and  more  sparsely  distributed. 

Cervical  groove  (e-ej)  very  deep  and  well  marked,  bending  anteriorly  at  mid-side  where  a shallow  depression 
represents  the  gastroorbital  groove  (d).  Antennal  groove  narrow,  curving  upwards,  intersecting  the  anterior 
margin  near  the  orbital  margin.  Postcervical  groove  (c)  well  defined,  starts  near  mid-dorsal  line  and  becomes 
shallow  on  mid-side.  Branchio-cardiac  (a)  groove  better  developed,  oblique,  narrow,  starting  from  mid-dorsal 
line  and  joining  inferior  groove  (i).  Hepatic  groove  (b,)  well  defined,  protuberance  x more  inflated  than  w.  A 
marginal  groove  and  carina  are  well  developed  in  the  posterior  and  ventral  margins. 

The  ornamentation  of  the  cephalothorax  is  composed  of  tubercles  which  are  stronger  on  the  dorso-anterior 
region,  becoming  smaller  on  the  branchiostegite  where  they  are  more  densely  spaced. 

First  pereiopod  large,  merus  40  mm  long  (CPBA  14097),  laterally  compressed,  expanding  slightly  distally, 
subtriangular  in  cross-section;  9-10  spines  ornament  inner  and  outer  margins,  surface  covered  with  small 
tubercles.  Carpus  subtriangular,  small,  with  scattered  tubercles.  Palmar  portion  of  propodus  large,  oval  to 
circular  in  cross  section.  Inner  margin  ornamented  by  7-8  regularly  spaced  spines;  outer  side  shows  smaller 
scattered  spines.  Inner  surface  covered  with  small  tubercles  and  few  big  spines,  a depression  borders  the  inner 
margin.  Dactylus  and  pollex  at  least  as  long  as  the  palmar  portion  of  the  propodus,  broken  in  the  two  available 
specimens;  at  the  proximal  end  circular  in  cross-section,  ornamented  with  regularly  spaced  small  teeth  on  the 
opposite  margins. 

Remarks.  The  Patagonian  material  is  here  assigned  to  the  genus  Palaeastacus  Bell  because  of  the 
shape  and  ornamentation  of  the  first  pereiopod,  with  stout  and  square  palmar  portion  of  propodus, 
and  the  good  development  of  both  the  postcervical  and  branchiocardiac  grooves. 

P.  sussexiensis  (Mantell)  differs  from  P.  terraereginae  (Etheridge)  in  its  larger  size,  more  elongate 
cephalothorax  with  finer  ornamentation,  different  configuration  of  antennar  groove,  and  less  well- 
marked  postcervical  groove  (Etheridge  1914,  p.  273,  pi.  23,  figs.  1-2;  pi.  24,  fig.  1;  Woods  1957, 
p.  166,  pi.  4,  figs.  5-9;  text-fig.  6;  Aguirre  Urreta  and  Ramos  1981u,  p.  606,  pi.  1,  figs.  b-c\  pi.  2, 
figs.  a-b\  pi.  3,  fig.  a\  text-figs.  3,  4a). 

Palaeastacus  foersteri  Taylor  resembles  P.  sussexiensis  (Mantell)  in  having  a similar  long  rostrum 
and  in  the  possession  of  a row  of  spines  extending  downwards  from  the  base  of  it.  The  antarctic 
species  is  much  smaller,  the  cephalothorax  is  more  rounded,  ornamented  with  coarse  and  dense 
tubercles,  and  the  postcervical  and  branchiocardiac  grooves  seem  to  be  partially  developed  (Taylor 
1979,  p.  26,  pi.  4,  figs.  b-c\  text-figs.  10u-l  1). 

The  unique  specimen  from  Antarctica  described  as  P.  cf.  sussexiensis  by  Taylor  (1979,  p.  30, 
pi.  4,  figs.  d-f\  text-fig.  10c)  shows  an  overall  resemblance  with  the  Patagonian  specimens.  Although 
it  is  nearly  complete,  its  cardiac  region  and  the  chelae  are  poorly  preserved,  precluding  a proper 
comparison  with  the  Patagonian  material. 

Palaeastacus  walkeri  (Whitfield)  compares  well  with  P.  sussexiensis  (Mantell)  in  its  large  size  and 
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text-fig.  8.  Palaeastacus  sussexiensis  (Mantell).  A,  left  lateral  view  of  specimen  CPBA  14097  showing 
cephalothorax  and  left  first  pereiopod.  B-C,  lateral  and  inner  view  of  right  manus  of  D,  CIRGEO  988.  D,  lelt 
lateral  view  of  cephalothorax  and  right  manus  CIRGEO  988.  Locality  19.  All  figures  xO-75. 


stout,  strongly  ornamented  chelipeds,  but  differs  particularly  in  the  lack  of  branchiocardiac  groove 
(Stenzel  1945). 

We  agree  with  Woods  (1931,  p.  83)  in  considering  P.  scaber  (Bell)  synonymous  with 
P.  sussexiensis  (Mantell),  although  that  author  accepted  the  trivial  name  dixoni  Bell  1850  not 
sussexiensis  (Mantell  1833). 

Occurrence.  The  species  is  recorded  in  the  upper  section  of  the  Rio  Mayer  Formation,  Peltocrioceras  deeckei 
Assemblage  zone,  late  Aptian.  It  was  previously  known  from  the  Aptian  to  Lower  Cenomanian  of  England 
(Woods  1931,  p.  85). 


Palaeastacus  terraereginae  (Etheridge,  1914) 

Plate  55,  figs.  1-3 

1914  Enoploclytia  terra-reginae  Etheridge;  p.  273,  pi.  23,  figs.  1-2;  pi.  24,  fig.  1. 

1957  Enoploclytia  terrae-reginae  Etheridge;  Woods,  p.  166,  pi.  4,  figs.  5-9;  text-fig.  6. 

1968  Enoploclytia  terrae-reginae  Etheridge;  Elill  el  ah,  pi.  k 11,  figs.  6-7. 

1979  Palaeastacus  terraereginae  (Etheridge);  Taylor,  p.  32,  pi.  4,  figs.  g-h\  text-fig.  12 a-b. 

1981a  Palaeastacus  terraereginae  (Etheridge);  Aguirre  Urreta  and  Ramos,  p.  606,  pi.  1,  figs.  b-c\  pi.  2, 

figs,  a-6;  pi.  3,  fig.  a;  text-figs.  3,  4a. 
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text-fig.  9.  Diagrammatic  sketch  of  cephalothorax 
of  Palaeastacus  sussexiensis  (Mantell)  showing  the 
cephalic  grooves,  x 0 67. 


1983  Palaeastacus  terraereginae  (Etheridge);  Aguirre  Urreta,  p.  306,  pi.  1,  fig.  6;  text-fig.  2. 

19856  Palaeastacus  terraereginde  (Etheridge);  Aguirre  Urreta,  pi.  2,  figs.  h-i. 

Material  and  localitites.  A complete  specimen  (CPBA  10850)  from  locality  10;  two  complete  cephalothoraces, 
CPBA  10851  and  CPBA  11137a  from  localities  1 6 and  1 3,  respectively ; one  fragmentary  cephalothorax  (CPBA 
11671)  from  the  last  locality;  two  complete,  crushed  specimens  and  incomplete  fragments  CPBA  10795,  10839, 
10855  and  10856  from  locality  12. 

Description.  Cephalothorax  elongate,  narrowing  somewhat  in  front,  greatest  height  at  mid  point;  dorsal 
surface  slightly  arched,  posterior  margin  sigmoid  and  ventral  margin  convex.  Rostrum  not  well  preserved. 
Cervical  groove  ( e— e j ) deep,  broad,  very  well  defined;  slightly  sigmoidal  at  junction  with  gastroorbital  groove 
(d)  that  is  broad,  short,  quite  deep;  lower  part  bending  sharply  to  join  antennal  groove  (b). 

Gastric  region  ornamented  with  coarse  tubercles;  diminishing  in  size  and  density  towards  antennal  region. 
Postcervical  groove  (c)  well  marked,  beginning  a short  distance  from  the  mid-dorsal  line  and  extending  to  the 
prominence  w.  Branchiocardiac  groove  (a)  oblique,  parallel  to  c,  starting  as  c and  joining  inferior  groove  (i), 
which  is  concave  in  front  and  reaches  the  ventral  margin  anteriorly.  Hepatic  groove  (bt)  distinct;  anterior  half 
linking  e-et  with  c dorsally  to  w while  the  posterior  part  connects  e and  a ventrally  to  x.  Depression  cx  distinct. 
A groove  and  marginal  ridge  are  present  on  the  posterior  margin,  both  weakening  ventrally.  Cardiac  region 
coarsely  tuberculated,  as  is  the  dorsolateral  sector  of  the  gastric  region.  The  pterygostomial  region  and  ventral 
part  of  the  gastric  region  ornamented  with  weaker  tubercles. 

Abdomen  with  five  square  segments,  sixth  segment  longer.  No  detail  of  the  tergites  and  pleurites  visible. 
Telson  partially  preserved,  shorter  than  sixth  abdominal  segment.  Entire  abdomen  seems  to  be  weakly 
ornamented  but  the  poor  preservation  precludes  any  other  remark. 

First  pereiopod  large,  chelate.  Merus  strong,  widening  anteriorly  with  deep  furrow  on  upper  side  and  row 
of  small  spines  on  lower  border  which  continues  on  triangular  carpus.  Palmar  portion  of  propodus  rounded 
in  section,  with  subparallel  margins,  ornamented  with  sharp  tubercles  arranged  in  longitudinal  rows;  lower 
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margin  with  spines.  Dactylus  and  pollex  of  equal  size,  subcircular  cross  section,  tapering  distally,  ornamented 
with  tubercles  spread  over  entire  surface.  Rest  of  pereiopods  not  well  preserved. 

Remarks.  The  configuration  of  the  grooves  and  the  ornamentation  match  well  with  Palaeastacus 
terraereginae  (Etheridge)  as  described  by  Etheridge  (1914,  p.  271,  pi.  23,  figs.  1-2;  pi.  24,  fig.  1)  and 
Woods  (1957,  p.  166,  pi.  4,  figs.  5-9;  text-fig.  6). 

P.  terraereginae  (Etheridge)  differs  from  Enoploclytia  tenuidigitata  Woods,  another  Australian 
species,  in  the  arrangement  of  carapace  furrows,  shape  of  chelipeds,  and  stronger  ornamentation 
(Woods  1957,  p.  164,  pi.  5,  figs.  1-4;  text-fig.  6).  Palaeastacus  foersteri  Taylor  from  the  ?early 
Aptian  of  Antarctica  differs  from  P.  terraereginae  in  the  slope  of  the  cervical  groove  and  the  sigmoid 
curvature  of  both  postcervical  and  branchiocardiac  grooves  together  with  a stronger  tuberculation 
in  the  former  species  (Taylor  1979,  p.  26,  pi.  4,  figs,  b-c;  text-figs.  10a,  11). 

The  single  specimen  of  Palaeastacus  cf.  sussexiensis  described  and  figured  by  Taylor  (1979,  p.  30, 
pi.  4,  figs.  d-f\  text-fig.  10c)  from  the  ?early  Aptian  of  Antarctica  differs  from  the  Patagonian 
specimens  in  having  a more  elongate  and  narrower  cephalothorax,  straight  cervical  groove,  absence 
of  gastroorbital  groove,  stronger  ornamentation  of  abdomen,  and  marginal  groove  and  carinae 
restricted  to  the  postero-dorsal  part. 

The  only  previously  known  Lower  Cretaceous  species  from  the  Northern  Hemisphere  are,  as  I 
interpret  the  genus,  P.  sussexiensis  (Mantell),  [=  IP.  scaber  (Bell)],  P.  walkeri  (Whitfield)  and 
P.  walkeri  schmidti  (Richardson). 

The  Patagonian  material  differs  from  both  subspecies  of  P.  walkeri  by  its  smaller  and  less  strongly 
ornamented  first  pereiopod,  as  well  as  by  its  better  developed  postcervical  and  branchiocardiac 
grooves,  while  P.  walkeri  walkeri  (Whitfield)  lacks  the  branchiocardiac  groove  (Stenzel  1945; 
Richardson  1955).  P.  sussexiensis  (Mantell)  is  larger,  with  larger  chelipeds,  smaller  tubercles  on  the 
cephalothorax,  an  antennar  groove  with  sharp  upward  bends  terminating  on  the  orbital  border,  and 
a row  of  strong  spines  extending  obliquely  downward  from  base  of  rostrum  (Woods  1931,  p.  83, 
pi.  23,  figs.  9-12;  pi.  24,  figs.  1-3,  also  see  above). 

Occurrence.  Palaeastacus  terraereginae  (Etheridge)  has  been  reported  from  the  late  Albian  of  Australia  (Woods 
1957;  Hill  et  al.  1968),  ?early  Aptian  of  Antarctica  (Taylor  1979)  and  late  Barremian-late  Aptian  of  Patagonia 
(Aguirre  Urreta  1983;  Aguirre  Urreta  and  Ramos  1981a),  where  it  occurs  in  the  upper  levels  of  the  Rio  Mayer 
Formation  as  well  as  in  the  Rio  Belgrano  Formation. 


Genus  eryma  von  Meyer,  1840 

Type  species.  Macrourites  modestiformis  von  Schlotheim  1822  by  original  designation. 

Diagnosis.  Erymid  with  subcylindrical  cephalothorax,  rostrum  moderately  long,  gastroorbital 
groove  weak,  cervical  groove  deep,  postcervical  and  branchiocardiac  grooves  variably  developed, 
joined  or  separate,  protuberance  w distinct,  sculpture  weak,  chelipeds  with  fingers  longer  than  palm. 

Comments.  Eryma  was  a widespread  genus  in  the  Jurassic  that  persisted  into  the  early  Cretaceous. 
According  to  Glaessner  (1960,  1969)  it  is  phylogenetically  linked  with  the  European  Triassic  genus 
Lissocardia  von  Meyer  and  gave  rise  to  Palaeastacus  (see  also  Forster  1966).  Eryma  can  be 
distinguished  from  Phlyctisoma  by  the  shape  of  cephalothorax,  weak  gastroorbital  groove,  more 
delicate  sculpture,  and  shape  and  slenderness  of  chelipeds.  Enoploclytia  differs  from  Eryma  in  the 
minor  development  of  the  carapace  grooves;  coarser  ornamentation,  and  slenderness  of  dactylus 
and  pollex. 

As  interpreted  here,  the  Cretaceous  records  of  Eryma  are  from  Central  Europe  (van  Straelen 
1936a),  Germany  (Harbort  1905;  Forster  1966),  Great  Britain  (Woods  1930),  ? Lebanon  (Roger 
1946;  Brugnioli  Giofredi  et  at.  1975),  North  America  (Rathbun  1923;  1926a  and  b)  and  Patagonia 
(Aguirre  Urreta  and  Ramos  1981a)  (see  text-figs.  20-21). 
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Eryma  sp.  cf.  E.  sulcata  Harbort,  1905 

Plate  55,  fig.  5 

1905  Eryma  sulcata  Harbort,  p.  15,  pi.  1,  fig.  11  a-b\  pi.  11,  fig.  4 a-c. 

Material  and  locality.  An  external  mould  of  cephalothorax  and  a cheliped  (CPBA  10853)  from  locality  10. 

Description.  A single  specimen  consisting  of  an  external  mould  of  a cephalothorax  and  a left  cheliped  is  known. 
The  length  of  the  cephalothorax  along  the  mid-dorsal  line  is  18  mm,  excluding  the  rostrum  that  is  not 
preserved. 

Cervical  groove  deep,  and  slightly  undulatory,  joining  the  antennal  groove  below,  which  curves  upward  and 
disappears  near  antennal  spine.  Gastroorbital  groove  weak  and  very  shallow.  Postcervical  groove  deep  and 
narrow,  straight  and  oblique,  weakening  towards  its  junction  with  hepatic  groove.  Branchiocardiac  groove 
parallel  to  postcervical,  shallower  and  narrower,  joining  inferior  and  hepatic  grooves.  Protuberances  x and  w 
marked. 

Ornamentation,  as  exhibited  by  the  external  mould,  seems  weak,  consisting  of  small  rounded  tubercles; 
stronger  on  dorsal  part  of  the  gastric  region  where  the  tubercles  are  less  dense  and  arranged  in  rows  nearly 
parallel  to  the  dorsal  line. 

First  pereiopod  chelate,  merus  partially  preserved;  carpus  small  and  triangular;  palmar  portion  of  propodus 
subquadrate,  inflated,  sparsely  tuberculated ; inner  margin  with  at  least  nine  spines.  Pollex  and  dactylus 
slender,  with  circular  cross-section;  longer  than  palm,  both  strongly  tapering  distally,  ornamented  with  small 
tubercles. 

Remarks.  The  Patagonian  specimen  compares  well  with  the  specimens  figured  by  Harbort  (1905,  pi. 
1,  fig.  I lev;  pi.  11,  fig.  4c)  from  the  early  Hauterivian  of  Germany.  However,  it  differs  from  other 
specimens  referred  to  the  species  (see  Woods  1930,  p.  80,  pi.  22,  figs.  5 and  6;  Forster  1966,  p.  124,  pi. 
17,  figs.  2 and  4;  text-fig.  23)  in  the  branchiocardiac  groove  which  is  shallow  near  the  dorsal  margin, 
tending  to  be  deeper  near  its  junction  with  the  inferior  groove  in  the  Patagonian  material.  The 
inverse  is  true  in  the  European  material.  The  scarcity  of  the  Patagonian  material  precludes  further 
comparison. 

Occurrence.  Eryma  sulcata  Harbort  is  known  from  the  early  Hauterivian  of  Germany  (Harbort  1905;  Forster 
1966)  and  the  Hauterivian  (bed  C4,  Speeton)  of  England  (Woods  1930).  In  Patagonia  E.  cf.  E.  sulcata  is 
associated  with  Eavrella  americana  (Favre)  and  Aegocrioceras  sp.  of  the  upper  early  Hauterivian  (Riccardi 
1984). 


Genus  enoploclytia  IVTCoy,  1849 
Type  species.  Astacus  leachi  Mantell,  1822,  by  original  designation. 

Diagnosis.  Eryinid  with  long,  denticulated  rostrum;  gastroorbital  groove  broad,  deep  and  short; 
postcervical  groove  joining  inferior  one,  more  developed  than  branchiocardiac;  cephalothorax  and 
chelipeds  strongly  sculptured,  dactylus  and  pollex  long,  slender  and  denticulate. 


EXPLANATION  OF  PLATE  55 

Figs.  1-3.  Palaeastacus  terraereginae  (Etheridge).  1,  CPBA  10851  broken  along  mid-dorsal  line,  showing  left 
and  right  views  of  cephalothorax,  locality  16.  2,  left  lateral  view  of  cephalothorax  CPBA  1 1137a,  locality  13. 
3,  left  lateral  view  of  a nearly  complete  specimen  CPBA  10850,  locality  10. 

Fig.  4.  Enoploclytia  sp.  Latex  cast  of  CPBA  10852  showing  shape  and  ornament  of  left  cheliped,  locality  15. 
Fig.  5.  Eryma  sp.  cf.  E.  sulcata  Harbort.  lateral  view  of  CPBA  10853  showing  cephalothorax  and  left  cheliped, 
locality  10.  All  figures  x I. 


PLATE  55 
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Comments.  Woods  (1930)  and  many  other  authors  considered  Enoploclytia  as  a Jurassic-Cretaceous 
genus,  but  it  should  be  noted  here  that  Glaessner  (1969)  indicated  that  the  distinction  between 
Jurassic  species  of  Eryma  and  Enoploclytia  is  uncertain.  Forster  (1966)  restricted  the  latter  genus  to 
the  Cretaceous  and  considered  that  the  first  record  of  Enoploclytia  is  that  of  E.  tenuidigitata  Woods 
from  the  Aptian  of  Australia,  while  Eryma  had  become  extinct  by  that  time.  Only  two  probable 
species  of  Enoploclytia  seem  to  be  present  in  Palaeocene  and  Eocene  deposits  of  North  America 
(Stenzel  1945;  Feldmann  1981). 

The  record  of  Enoploclytia  porteri  Miller  and  Ash,  as  the  oldest  freshwater  decapod  crustacean 
from  the  Triassic  of  Arizona  (Miller  and  Ash  1988)  is  not  accepted  here.  The  diminutive,  nearly 
smooth  specimen  can  hardly  be  placed  in  Enoploclytia  (see  diagnosis  above)  or  even  in  the 
Erymidae.  It  is  probably  a true  fresh-water  crayfish,  related  to  the  Northern  Flemisphere  Astacidae 
or  Cambaridae  and  allied  forms.  Phlyctisoma  differs  from  Enoploclytia  by  having  massive  and 
coarsely  sculptured  chelipeds. 

As  understood  here,  Enoploclytia  has  been  recorded  from  the  Cretaceous  of  Antarctica  (Taylor 
1979),  Australia  (Woods  1957;  Hill  et  al.  1968),  Central  and  Northern  Europe  (Schliiter  1862;  1879; 
Fritsch  and  Kafka  1887;  Glaessner  1932;  van  Straelen  1936a;  Mertin  1941;  Forster  1966),  Great 
Britain  (Mantell  1833;  M‘Coy  1849;  Woods  1930),  Madagascar  (Secretan  1964),  Niger  (Joleaud 
and  Hsu  1935),  North  America  (Rathbun  1935;  Stenzel  1945;  Beirich  and  Feldmann  1980)  and 
Patagonia  (text-figs.  21  and  22). 


Enoploclytia  sp. 

Plate  55,  fig.  4 

Material  and  locality.  One  external  mould  of  a left  cheliped  (CPBA  10852)  from  locality  15. 

Description.  An  external  mould  of  a small  left  cheliped  is  preserved.  The  carpus  is  incomplete,  subtriangular, 
with  surface  ornamented  with  small  scattered  tubercles.  Length  of  palmar  portion  of  propodus  about  one  and 
a quarter  times  its  width,  ornamentation  as  in  the  carpus,  a depression  runs  from  the  base  of  dactylus  parallel 
to  inner  margin.  Dactylus  and  pollex  slender,  longer  than  palmar  portion  of  propodus,  although  their  distal 
ends  are  not  preserved.  They  are  ornamented  with  small  tubercles,  inner  margins  of  both  regularly  toothed, 
insertion  of  the  dactylus  bounded  by  a rounded  collar. 

Remarks.  The  long  and  slender  fingers  shown  by  the  specimen  allow  its  inclusion  in  Enoploclytia  as 
I interpret  the  genus.  A cheliped  illustrated  by  Taylor  (1979,  p.  35,  pi.  5,  fig.  d)  as  ? Enoploclytia  sp. 
from  the  ?early  Aptian  of  Antarctica  shows  an  overall  resemblance  with  the  Patagonian  specimen, 
although  it  is  larger.  Enoploclytia  leachi  (Mantell),  type  species  of  the  genus,  has  thinner  and  more 
slender  fingers  than  the  Patagonian  specimen,  as  well  as  stronger  tubercles  on  the  surface  of  carpus 
and  propodus  (Mantell  1833,  p.  122,  fig.  1,  Fritsch  and  Kafka  1887,  p.  27,  pi.  9,  fig.  9;  text-figs. 
46-52;  Woods  1930,  p.  85,  pi.  24,  fig.  4;  pi.  25,  fig.  1;  Mertin  1941,  p.  162,  pi.  1,  figs.  1-8;  text-fig. 
5). 

Occurrence.  The  specimen  was  found  in  the  lower  exposed  section  of  the  Rio  Mayer  Formation,  associated  with 
ammonites  of  late  early  Aptian  age  (Aguirre  Urreta  1985a;  Riccardi  et  al.  1987). 


Family  nephropidae  Dana,  1852 
Subfamily  homarinae  Huxley,  1879 
Genus  hoploparia  M‘Coy,  1849 

Type  species.  Astacus  longimanus  Sowerby,  1826,  by  designation  of  Rathbun  (19266). 

Diagnosis.  Homarid  with  long,  thin,  smooth  or  denticulate  rostrum;  cervical  groove  developed 
above  and  below  gastroorbital  groove;  postcervical  groove  very  distinct,  connecting  with  the 
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text-fig.  1 1 . Sketch  figure  of  a generalized  nephropid 
with  the  main  morphological  features  of  the  cephalo- 
thorax  (modified  from  Ball  1960). 


cervical  groove  through  semicircular  arc;  branchiocardiac  groove  variably  developed;  chelipeds, 
long,  strong,  and  generally  heterochelous  (slightly  modified  from  Glaessner  1969). 

Comments.  Hoploparia  is  a Cretaceous  and  early  Tertiary  genus  with  a world-wide  distribution,  but 
with  questionable  validity.  Pelseneer  (1886)  indicated  that  the  only  difference  between  Hoploparia 
and  Homarus  was  in  the  rostrum,  which  was  not  serrated  in  the  former  genus.  Woods  (1930) 
compared  the  fossil  material  with  living  species  of  Homarus  and  decided  that  they  were 
synonymous,  adding  that  in  well-preserved  fossil  specimens  of  Hoploparia  the  rostrum  was 
dentated.  Van  Straelen  (19366)  also  considered  it  to  be  a junior  synonym  of  Homarus.  Beurlen  and 
Glaessner  (1930)  indicated  that  Homarus  was  derived  in  the  Tertiary  from  a Cretaceous  species  of 
Hoploparia , while  Mertin  (1941)  extended  the  range  of  the  latter  genus  to  the  early  Tertiary,  which 
then  gave  rise  to  Homarus. 

According  to  Woods  (1957)  there  is  a close  phylogenetic  relationship  between  both  genera,  but 
there  are  also  enough  morphological  differences  to  retain  them  as  valid  genera.  Hoploparia  has  a 
more  granulated  carapace,  greater  development  of  cephalic  grooves,  development  of  an  antennar 
ridge,  relatively  larger  abdominal  pleura,  thinner  chelipeds,  and  longer  and  less  spinous  rostrum 
(Woods  1957,  p.  168).  Although  Glaessner  (1969)  maintained  both  as  valid  genera,  he  noted  that 
the  distinction  between  some  species  is  difficult  and  disputed.  Taking  into  account  the  previous 
reasons,  I consider  that  Hoploparia  and  Homarus  should  be  retained  as  different  genera,  one  mostly 
restricted  to  the  Cretaceous,  while  the  other  developed  since  early  Tertiary  times.  Feldmann  (1974, 
p.  591 ) observed  that  Hoploparia  was  probably  ancestral  to  Homarus  and  Nephrops  Leach.  Recently 
Quayle  (1987)  described  representatives  of  both  Homarus  and  Hoploparia  from  English  Eocene 
deposits  and,  although  not  clearly  stated,  it  seems  that  he  maintained  both  Homarus 
(C’retaceous-Recent)  and  Hoploparia  (Lower  Cretaceous-Middle  Eocene)  as  valid  genera. 

Species  here  referred  to  Hoploparia  have  been  recorded  from  Cretaceous  beds  of  Antarctica 
(Weller  1903;  Ball  1960;  del  Valle  and  Rinaldi  1975,  Feldmann  1984,  Feldmann  and  Tshudy  1987), 
Australia  (Etheridge  1917;  Woods  1957;  Hill  et  al.  1968),  North-Central  Europe  (Roemer  1840; 
Schliiter  1862;  1879;  Harbort  1905;  Stolley  1924;  van  Straelen  19366;  Mertin  1941),  France 
(Robineau-Desvoidy  1849;  Tribolet  1873-4;  1874-5),  Great  Britain  (Sowerby  1826;  M‘Coy  1849; 
1854;  Bell  1863;  Woods  1930;  1931),  ? Lebanon  (Glaessner  1945;  Brugnioli  Giofredi  el  al.  1975), 
Madagascar  (Secretan  1964),  North  America  (Pilsbry  1901 ; Rathbun  1 926a,  6;  1935;  Stenzel  1945; 
Roberts  1962;  Feldmann  1974;  Feldmann  et  al.  1977,  Bishop  1983c/;  1985),  Soviet  Union  (Crimea 
(Caucasus),  Borrisjak  1904),  Sweden  (Schliiter  1874)  and  Patagonia  (Aguirre  Urreta  1983;  19856) 
(see  text-figs.  21-22). 

Hoploparia  arbei  sp.  nov. 

Plate  56,  figs.  1-8,  text-figs.  12  and  13 
19856  Hoploparia  antarctica  Wilckens;  Aguirre  Urreta,  pi.  2,  fig.  a. 

Diagnosis.  Hoploparia  with  very  well  developed  cephalic  grooves,  including  a,  with  tuberculated 
ridge  above  this  groove,  cephalic  cross-section  lanceolate,  abdominal  pleura  with  two  tubercles,  one 
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in  anterior  part,  located  on  boundary  between  tergum  and  pleuron,  and  the  other  on  the  ventral 
point. 

Holotype.  A specimen  with  well  preserved  cephalothorax,  abdomen  and  tail  fan,  and  fragmentary  pereiopods 
(CPBA  14564),  from  locality  20  (A.  Riccardi,  H.  Klinger  and  B.  Aguirre  Urreta  coll.). 

Etymology.  Named  after  Hugo  Arbe  who  collected  the  first  specimens  of  this  species. 

Material  and  localities.  The  holotype  and  more  than  thirty  pieces  comprising  eight  specimens  corresponding 
to  cephalothoraces  and  abdomens  with  tail  fan  (MLP  21573-21576,  CPBA  14565-14568),  ten  cephalothoraces 
(MLP  21577-21581,  CPBA  14569-14573),  19  abdomens  (MLP  21582-21591,  CPBA  14574-14582),  three 
fragmentary  chelipeds  (MLP  21592,  CPBA  14583-14584)  (A.  Riccardi,  H.  Klinger  and  B.  Aguirre  Urreta 
coll.),  and  a specimen  (MLP  16102)  (H.  Arbe  coll.)  corresponding  to  a fragmentary  abdomen  with  part  of 
cheliped  from  the  type  locality. 

Description.  Medium  to  large  sized,  cephalothorax  subcylindrical  to  suboval  (L/W  = 2T4— 2-36,  L/H  = L80- 
210)  tapering  both  anteriorly  and  posteriorly,  rostrum  not  well  preserved  in  any  specimen.  Anterior 
region  large,  55-65%  of  total  cephalothoracic  length  measured  along  mid-dorsal  line  (from  base  of  rostrum 
to  posterior  end).  Maximum  height  is  nearly  at  the  middle  of  cephalothorax;  greatest  width  on  mid-posterior 
part  of  the  branchiostegite. 

Postcervical  groove  (c)  very  well  defined,  deep  and  broad,  obliquely  extending  downward  and  forward, 
curving  and  becoming  shallower  to  meet  dorsal  end  of  cervical  groove  (e-e^;  cervical  groove  well  developed, 
deep  and  narrow,  extending  ventrally  to  merge  into  the  antennar  groove  (b);  hepatic  groove  (bj)  deep  and 
broad,  connecting  c and  e-eL;  bordering  ventrally  a very  well  developed  ‘adductor  testis’  region  x. 
Protuberance  w prominent  and  granulose.  Branchiocardiac  groove  (a)  weak,  bordered  dorsally  by  a 
tuberculated  ridge  extending  downwards  parallel  to  postcervical  groove. 

Anterior  region  quite  smooth,  with  granules  on  dorsum.  A pair  of  ridges  extends  on  the  dorsal  surface  up 
nearly  to  middle  of  the  region;  a postorbital  spine  well  developed  and  three  large  spines  dorsal  to  the  antennar 
groove,  located  from  the  anterior  margin  up  to  cervical  groove  (see  text-fig.  12).  In  the  area  delimited  by  e-et 
and  b,-c,  there  are  small  granules,  more  prominent  over  x and  w.  These  granules  are  also  noticeable  on  the 
dorsal  part  of  the  branchiostegite,  which  is  evenly  covered  by  small  and  rounded  pits. 


text-fig.  12.  Diagrammatic  sketch  of  the  cephalo- 
thorax of  Hoploparia  arbei  sp.  nov.  showing  the 
cephalic  grooves,  x 0 67. 


Eyes  are  preserved  in  two  specimens  (see  Plate  56,  fig.  2,  arrowed);  the  orbits  are  small,  well  defined,  bounded 
by  narrow  ridge.  Basal  articulation  of  antennae  and  parts  of  third  maxilliped  also  preserved  in  some  specimens 
(see  Plate  56,  fig.  3). 

Abdomen  completely  covered  by  small  pits.  First  segment  small,  with  reduced  pleuron;  second  segment  the 
largest,  third  to  fifth  decreasing  progressively  in  size,  but  all  heart-shaped;  sixth  subtrapezoidal.  Each  segment 
has  prominent  articulating  furrows,  continuing  anteriorly  and  posteriorly  onto  pleura,  not  forming  a complete 
rim.  Two  tubercles  present  in  each  segment : one  in  anterior  part,  located  on  the  boundary  between  tergum  and 
pleuron,  another  on  ventral  point,  which  has  a spine  directed  backwards.  Uropods  large,  smooth,  exopod  with 
diaresis,  telson  subrectangular,  with  longitudinal  ridges  and  furrows,  pitted  as  abdominal  segments. 

First  pereiopod  incomplete,  strong,  large.  Merus  long,  widening  distally,  with  a spine  at  point  of  articulation 
with  carpus,  which  is  stout  and  subquadrate,  both  ornamented  with  scattered  granules  and  the  carpus  also  with 
two  rows  of  tubercles  on  outer  border.  Palmar  part  of  propodus  at  least  as  long  as  merus,  longer  than  wide, 
with  oval  cross-section,  outer  margin  with  two  rows  of  four  tubercles  each,  inner  margin  with  a carina  bounded 
by  a furrow  that  continues  on  fixed  finger.  Dactylus  not  preserved.  Other  walking  legs  poorly  preserved  but 
very  much  smaller  in  comparison  with  first  chelipeds  (text-fig.  13). 
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text-fig.  13.  Diagrammatic  reconstruction  of  Hoploparia  arbei  sp.  nov.,  x 0 67. 


Remarks.  After  examining  more  than  sixty  species  of  Hoploparia,  only  five  show  a similar  pattern 
of  grooves  in  the  cephalothorax  to  H.  arbei  sp.  nov.  I will  only  compare  the  new  species  with  them 
and  with  those  Cretaceous  species  known  from  nearby. 

H.  longimana  (Sowerby)  can  be  distinguished  from  H.  arbei  sp.  nov.  by  its  comparatively  larger 
chelipeds,  smooth  cephalothorax,  especially  on  anterior  part,  and  absence  of  branchiocardiac 
groove  and  ridge  (Sowerby  1826,  p.  493,  pi.  18;  Woods  1931,  p.  90,  pi.  25,  fig.  5,  pi  26,  figs.  2-4). 

H.  bearpawensis  Feldmann  can  be  separated  from  H.  arbei  sp.  nov.  by  the  prominent  spinose  keel 
on  mid-line,  the  single  spine  ending  the  ridge  posterior  to  c,  the  abdominal  terga  with  coarsely 
reticulate,  raised,  triangular  area  on  the  posterior  edge  of  the  tergurn  and  triangular  pleura 
(Feldmann  et  al.  1977,  p.  1176,  pi.  3,  figs.  1-6). 

H.  pusilla  Secretan  can  be  distinguished  from  H.  arbei  sp.  nov.  by  its  subquadrate  cephalothorax, 
smooth  anterior  region,  nearly  straight  postcervical  groove,  absence  of  branchiocardiac  groove  and 
different  shape  of  abdominal  pleura  (Secretan  1964,  p.  109,  pi.  10,  figs.  3-4). 

H.  pelseneeri  van  Straelen  differs  from  H.  arbei  sp.  nov.  by  the  absence  of  ridge  posterior  to  c, 
nearly  smooth  carapace  and  poorly  developed  post-orbital  spine  (van  Straelen  1936a,  p.  18,  pi.  3, 
figs.  2-3). 

At  first  sight  the  species  that  most  resembles  H.  arbei  sp.  nov.  is  H.  biserialis  Fritsch  from  the 
Turonian  of  Bohemia  (see  Fritsch  and  Kafka  1887,  p.  35-36,  pi.  3,  fig.  5,  pi.  5,  figs.  1-3, 
text-fig.  56).  However,  Mertin  (1941)  considered  that  the  isolated  chelipeds  probably  belong  to 
H.  longimana , while  the  rest  of  the  material  should  be  included  in  the  genus  Oncopareia  Bosquet. 

H.  stokesi  (Weller)  also  presents  a similar  pattern  of  cephalic  grooves  but  it  is  a strongly  spinose 
species,  with  the  abdomen  ornamented  with  well  developed  tubercles  on  terga  and  pleura.  Chelipeds 
of  this  species  are  also  strongly  ornamented  and  show  articular  processes  between  the  propodus  and 
dactylus  (Ball  1960,  p.  10,  pi.  1,  fig.  4a;  text-fig.  2;  del  Valle  and  Rinaldi  1975,  p.  4,  figs.  2-9,  also 
see  below  and  pi.  58,  figs.  3,  5-7). 

H.  arbei  sp.  nov.  can  be  separated  from  the  incompletely  known  H.  antarctica  by  the  absence  of 
a rim  in  the  abdominal  pleura  and  the  presence  of  a tubercle  at  the  end  of  each  one. 

Occurrence.  The  species  occurs  in  the  Puesto  El  Alamo  Formation  of  Southern  Patagonia  associated  with 
ammonoids  indicating  the  Turonian-Coniacian  boundary. 
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Hoploparia  longimana  (Sowerby,  1826) 

Plate  57,  figs.  1-3 

1826  Astacus  longimanus  Sowerby,  p.  493,  pi.  18. 

1854  Hoploparia  saxbyi  McCoy,  p.  116,  pi.  4,  fig.  1. 

1863  Hoploparia  longimana  (Sowerby);  Bell,  p.  26,  pi.  6,  figs.  1-3. 

1863  Hoploparia  punctulata  Bell,  p.  27,  pi.  5,  figs.  11-13. 

1863  Hoploparia  granulosa  Bell,  p.  27,  pi.  7,  figs.  1-2. 

1863  Hoploparia  sulcirostris  Bell,  p.  25,  pi.  5,  figs.  8-10. 

1931  Hoploparia  longimana  (Sowerby);  Woods,  p.  90,  pi.  25,  fig.  5,  pi.  26,  figs.  2-4. 

1983  Hoploparia  longimana  (Sowerby);  Aguirre  Urreta,  p.  308,  pi.  1,  figs,  a , b , d , text-fig.  3. 

1983  Enoploclytia  sp.  Aguirre  Urreta,  p.  307,  pi.  1,  fig.  c. 

19856  Hoploparia  longimana  (Sowerby);  Aguirre  Urreta,  pi.  2,  figs.  e-f. 

19856  Enoploclytia  sp.  Aguirre  Urreta,  pi.  2,  fig.  k. 

Material  and  localities.  One  abdomen  (CPBA  1 1 136),  one  right  (CPBA  1 1 135),  and  part  of  a left  cheliped  (CPBA 
11134)  from  locality  13. 

Description.  Second  to  sixth  abdominal  segments  preserved,  the  first  incomplete  and  the  tail  fan  missing. 
Specimen  of  medium  size  (50  mm),  transverse  section  convex.  Every  tergum  shows  an  anterior  transverse 
groove  which  curves  to  the  postero-ventral  border  and  becomes  feeble  on  pleuron.  Anterior  margin  of  each 
segment  partially  covered  by  the  posterior  border  of  the  subsequent  one,  forming  the  articulations.  Every 
segment  presents  a transverse  posterior  furrow,  less  marked  than  the  anterior.  This  posterior  furrow  curves 
forwards  and  downwards  upon  reaching  the  pleuron. 

Pleuron  of  second  segment  round,  partially  covering  third  pleuron.  Pleura  3 to  5,  subtriangular,  with 
posterior  border  rounded,  ending  acutely  in  a small  spine  directed  backwards.  Sixth  segment  trapezoidal,  a 
curved  furrow  runs  parallel  to  the  ventral  margin.  Coxa  and  basis  of  left  uropod  partially  preserved.  Although 
the  specimen  is  slightly  eroded,  the  ornamentation  seems  to  be  weak,  and  shows  small  pits,  scattered  on  the 
terga  and  more  densely  spaced  on  pleura. 

Two  partially  preserved  chelipeds  available,  the  right  one  shows  the  distal  part  of  propodus  and  fingers,  the 
left  one  only  fingers.  The  palmar  part  of  the  right  propodus  has  a planar  upper  surface  and  convex  lower 
surface.  External  margin  bounded  by  a furrow  which  extends  onto  fixed  finger,  internal  border  with  a line  of 
coarse  spines.  Surface  covered  with  very  few  tubercles  of  irregular  size.  Fingers  55  mm  long.  Dactylus  straight, 
distal  end  curves  inward  facing  the  end  of  pollex,  which  is  gently  curved.  Fingers  ornamented  with  small,  evenly 
spaced  granules;  opposite  margins  with  few  rounded  teeth  of  variable  size.  Fingers  of  left  cheliped  50  mm  long. 
Pollex  straight,  tapering  distally,  with  oval  cross  section,  tip  bending  inwards,  dactylus  curved  to  pollex, 
opposite  borders  with  fine,  small  and  numerous  teeth.  Surface  nearly  smooth,  with  scattered  small  tubercles; 
spines  are  preserved  on  outer  margin  of  dactylus. 

Remarks.  The  Patagonian  material  compares  well  with  that  described  and  illustrated  by  Woods 
(1931,  p.  90,  pi.  25,  fig.  5;  pi.  26,  figs.  2—4).  The  original  diagnosis  of  the  species  mostly  refers  to 
chelipeds  (Sowerby  1826,  p.  493,  pi.  18),  which  are  very  similar  to  those  described  here.  The  original 
drawings  show,  however,  slight  differences  such  as  the  more  regular  disposition  of  the  teeth  in  the 
opposite  margins  of  the  fingers  of  right  chelae  (see  Hoploparia  sp.  A below),  and  the  presence  of  a 


EXPLANATION  OF  PLATE  56 

Hoploparia  arbei  sp.  nov.  1,  lateral  view  of  holotype  CPBA  14564  showing  cephalothorax,  abdomen,  part  of 
the  tail  fan  and  broken  pereiopods.  2,  lateral  view  of  MLP  21573  showing  cephalothorax  and  abdomen,  the 
right  eye  is  arrowed.  3,  lateral  view  of  CPBA  14569  showing  cephalothorax,  basal  segments  of  antenna  and 
part  of  left  merus  and  carpus.  4,  lateral  view  of  MLP  16102  showing  a fragmentary  abdomen  with  part  of 
cheliped.  5,  lateral  view  of  CPBA  14565  with  very  well  preserved  cephalothorax,  part  of  abdomen  and  right 
merus.  6a -b,  outer  and  lateral  views  of  CPBA  14583  showing  carina  and  part  of  fixed  finger.  7,  lateral  view 
of  MLP  21582  showing  abdomen,  tail  fan  and  broken  pereiopod  locality  20.  All  figures  x I . Figure  3 lit  from 
bottom  right. 
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marked  rim  in  the  pleuron  of  second  abdominal  segment.  This  feature  is  not  present  in  the  material 
illustrated  by  Woods  (1931),  who  also  stated  that  the  type  cannot  be  found. 

I agree  with  Woods  (1931)  in  considering  H.  saxbyi  M‘Coy,  H.  punctulata,  H.  sulcirostris  and 
H.  granulosa  Bell  spp.  as  junior  synonyms  of  H.  longimana  (Sowerby).  H.  mesembria  Etheridge,  from 
the  late  Albian  of  Australia,  differs  from  H.  longimana  (Sowerby)  in  having  a densely  punctate 
abdomen  and  heart-shaped  second  abdominal  pleuron  with  wide  outer  rim.  Both  species  are  also 
separated  by  the  different  configuration  of  grooves  and  the  relative  proportions  of  carapace, 
abdomen  and  first  chelipeds  (Woods  1957,  p.  171,  pi.  6,  figs.  1-4;  text-fig.  7;  Hill  et  al.  1968, 
pi.  k 1 1 , fig.  3). 

H.  longimana  (Sowerby)  differs  from  H.  antarctica  Wilckens,  known  only  from  three  partially 
preserved  abdomens  of  the  Upper  Cretaceous  of  Southern  Patagonia,  in  weak  development  of  the 
anterior  transverse  groove,  lack  of  ornamentation,  and  absence  of  the  posterior  transverse  furrow 
and  outer  rim  (Wilckens  1907,  p.  108,  pi.  3,  fig.  5,  see  also  below  and  PI.  57,  figs.  4 a-b). 

H.  stokesi  (Weller)  from  the  late  Cretaceous  of  Antarctica  is  a strongly  spinose  species,  with  the 
abdomen  ornamented  with  well  developed  tubercles  and  all  the  pleura  ending  in  acute  spines. 
Chelipeds  of  this  species  are  also  strongly  ornamented  and  show  articular  processes  between  the 
propodus  and  dactylus  (Ball  1960,  p.  10,  pi.  1,  fig.  4 a\  text-fig.  2;  del  Valle  and  Rinaldi  1975,  p.  4, 

figs.  2-9,  also  see  below  and  plate  4,  figs.  3,  5-7). 

H.  collignoni  (van  Straelen),  an  Albian  species  from  Madagascar,  differs  from  H.  longimana 
(Sowerby)  in  the  evenly  punctate  ornamentation  of  the  abdomen,  the  different  shape  of  second 
pleuron  which  also  shows  a well  marked  outer  rim,  and  the  long,  narrow  first  propodus,  with  dense, 

rounded  tubercles  (Secretan,  1964,  p.  98,  pi.  6,  fig.  1 ; pi.  8,  figs.  2-3;  pi.  9,  figs.  5-10;  pi.  10,  fig.  1). 

H.  intermedia  Secretan  is  known  from  cephalothoraces  and  appendages  alone,  and  no  abdomens  are 
preserved.  The  species  differs  from  H.  longimana  in  its  smaller  size,  the  different  configuration  of  the 
cephalic  grooves  and  the  relative  size  of  the  propodus  which  is  short,  oval  with  internal  and  external 
margins  with  strongly  developed  spines  (Secretan  1964,  p.  102,  pi.  4,  figs.  6-10;  pi.  9,  fig.  11). 

H.  sculpta  Secretan,  is  easily  separated  from  H.  longimana  (Sowerby)  in  the  strong  ornamentation 
of  the  dorsal  part  of  the  terga  as  well  as  the  tubercles  present  in  the  anterior  boundary  between  terga 
and  pleura.  Another  difference  occurs  in  the  propodus,  which  is  long,  narrow,  and  ornamented  with 
3 or  4 rounded  spines  on  the  internal  border  of  the  Madagascan  species  (Secretan  1964,  p.  105,  pi. 
6,  fig.  1 1 ; pi.  9,  figs.  1-4,  12;  pi.  10,  figs.  2,  5-9). 

Occurrence.  H.  longimana  (Sowerby)  is  known  from  the  Aptian  to  Lower  Cenomanian  of  England  (Woods 
1931).  Van  Straelen  (19366)  referred  material  to  this  species  from  several  localities  in  France,  but  as  no 
illustrations  were  given,  the  assignment  cannot  be  confirmed.  The  species  also  occurs  in  the  Ri'o  Mayer 
Formation  of  Patagonia  associated  with  ammonoids  of  the  late  Barremian. 


EXPLANATION  OF  PLATE  57 

Figs.  1-3.  Hoploparia  longimana  (Sowerby).  I,  left  lateral  view  of  abdomen,  CPBA  11136.  2-3,  lateral  views 
of  left  CPBA  11134  and  right  chelipeds  CPBA  1 1 135,  locality  13. 

Figs.  4-5.  Hoploparia  antarctica  Wilckens.  4,  holotypc  MLP  4213  showing  nearly  complete  abdomen  and  part 
of  the  tail  fan,  locality  23.  5a-b,  two  lateral  views  of  part  of  branchiostegite  and  abdomen  CORD-PZ  s/n 
24. 

Figs.  6-7.  Hoploparia  sp.  A.  6,  lateral  view  of  fragmentary  chelae  CPBA  10858a,  locality  18.  7,  lateral  view  of 
right  manus  CPBA  10857,  locality  17. 

Figs.  8-10.  Hoploparia  sp.  B.  8a-  b,  lateral  and  upper  views  of  left  cheliped  MLP  306a.  9a-b,  the  same  views 
for  specimen  MLP  306b,  lOa-c,  lateral  and  upper  views  of  right  propodus  MLP  306c,  locality  5.  All  figures 
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Hoploparia  antarctica  Wilckens,  1907 

Plate  57,  figs.  4 and  5 

1907  ? Hoploparia  antarctica  Wilckens,  1907,  p.  12,  pi.  3,  fig.  5. 

19856  Hoploparia  antarctica  Wilckens;  Aguirre  Urreta,  pi.  I,  fig.  h;  non  pi.  2,  fig.  a. 

Material  and  localities.  The  holotype,  an  abdomen  with  partially  preserved  tail  fan  (MLP  4213,  R.  Hauthal 
coll.)  from  locality  23,  and  another  specimen  (CORD-PZ  s/n)  corresponding  to  the  abdomen  and  posterior 
part  of  cephalothorax  from  locality  24  (M.  Hiinicken  coll.). 

Description.  Posterior  portion  of  branchiostegite  preserved,  showing  the  end  of  a ridge  that  extends  upward 
on  each  flank,  nearly  parallel  to  the  dorsal  line  that  accompanies  the  branchiocardiac  groove.  Due  to  this  ridge, 
the  cross-section  of  the  cephalothorax  at  this  point  is  subpolygonal.  Ornamentation  is  almost  absent,  only  small 
granules  and  pits  are  present.  A strong  and  well  marked  marginal  groove  and  rim  are  present,  at  least  postero- 
dorsally. 

The  abdomen  seems  to  be  generally  smooth,  the  only  ornamentation  consisting  of  very  small,  rounded,  blunt 
tubercles  and  tiny  granules  scattered  on  the  surface  of  the  terga.  Terga  of  first  to  fifth  somites  arcuate,  with 
an  anterior  furrow  separating  the  articulating  element  from  the  external  one.  Posteriorly  terga  bounded  by  a 
less  marked  furrow. 

Pleura  smooth;  pleuron  of  first  somite  not  preserved,  that  of  second  large,  heart-shaped,  ending  with  a spine 
on  the  postero-ventral  corner.  Pleura  of  third  to  fifth  somites  subtriangular,  ending  in  a small  spine  directed 
backwards.  Surface  of  each  pleuron  has  an  extension  of  the  anterior  groove  of  the  terga  that  curves  downwards 
and  backwards.  This  groove  meets  another  one  that  bounds  the  posterior  margin.  Thus,  the  pleuron  shows  an 
inner  central  part  bounded  by  a broad  outer  rim  (plate  57,  figs.  5a-b).  Sixth  somite  subtrapezoidal,  the  tergum 
is  separated  from  the  pleuron  by  a shallow  and  broad  groove.  Pleuron  small,  smooth,  triangular. 

Right  uropod  incomplete,  coxa  and  basis  fused,  endopod  with  well  developed  medial  ridge,  exopod  not 
preserved.  Telson  incomplete,  subquadrate,  with  straight  lateral  margins,  posterior  margin  not  preserved. 

Remarks.  To  the  author’s  knowledge  the  species  that  most  resembles  H.  antarctica  Wilckens  is 
H.  brittonestris  (Stenzel)  from  the  Turonian  of  Texas.  This  has  a ridge  adjacent  to  the 
branchiocardiac  groove  on  the  postero-dorsal  part  of  the  branchiostegite,  a marginal  groove  and 
raised  rim  and  the  overall  shape  and  ornamentation  of  the  abdomen  are  similar  (Stenzel  1945, 
p.  425,  pi.  40,  figs.  1-7;  text-fig.  1 1).  The  only  apparent  differences  seem  to  be  the  weaker  outer  rim 
present  in  the  pleura  of  H.  brittonestris  (Stenzel),  the  absence  of  a tubercle  in  the  anterior  boundary 
between  terga  and  pleura  and  the  overall  smaller  size. 

H.  bearpawensis  Feldmann  (Feldmann  et  al.  1977,  p.  1176,  pi.  3,  figs.  1-6)  has  a prominent 
spinose  keel  on  midline  which  is  absent  in  H.  antarctica  Wilckens  and  the  abdomen  of  the  former 
species  has  a raised,  coarsely  reticulated  triangular  area  on  the  terga.  All  the  somites  are  of  similar 
size. 

The  abdomen  of  H.  tennesseensis  Rathbun  from  the  late  Cretaceous  of  the  United  States  differs 
from  that  of  H.  antarctica  Wilckens  in  the  rounded  outline  of  the  pleura,  stronger  submarginal 
groove  and  more  dense  ornamentation  (Rathbun  1926u,  p.  186,  pi.  64,  figs.  1-9;  pi.  65,  figs.  1,  3, 
6). 

The  shape  of  the  segments  of  the  abdomen  of  H.  sculpta  Secretan  is  similar  to  that  of 
H.  antarctica , but  the  former  has  stronger  tubercles,  especially  on  the  dorsal  part  of  the  terga 
(Secretan  1964,  p.  105,  pi.  10,  figs.  6-9).  In  contrast,  the  ornamentation  of  H.  collignoni  (van 
Straelen)  resembles  that  of  the  Patagonian  species,  but  differences  are  noticeable  in  the  shape  and 
outline  of  the  pleura,  especially  that  of  the  second  segment  (Secretan  1964,  p.  98,  pi.  9,  fig.  10). 

H.  stokesi  (Weller)  from  the  late  Senonian  of  Antarctica  differs  from  H.  antarctica  in  lacking  an 
outer  rim  on  the  pleura  and  in  having  scattered  big  tubercles  on  the  terga  (Ball  1960;  see  also  below). 

H.  mesembria  Etheridge  from  the  Late  Albian  of  Australia  also  shows  a feeble  carina  bounding 
the  branchiocardiac  groove  laterally  and  the  abdomen  resembles  that  of  H.  antarctica  Wilckens. 
However,  the  Australian  species  has  a proportionally  larger  abdomen  when  compared  with  the 
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cephalothorax,  the  ornamentation  is  more  dense,  the  pleura  terminate  in  a stronger  spine  and  the 
second  segment  shows  a broader  outer  rim  (Woods  1957,  p.  169,  pi.  6,  figs.  1-4;  text-fig.  7). 

Occurrence.  The  species  occurs  in  the  Cerro  Cazador  Formation  (Campanian-Maastrichtian)  of  Southern 
Patagonia. 

Hoploparia  stokesi  (Weller,  1903) 

Plate  58,  figs.  1-7 

1903  Glyphea  stokesi  Weller,  p.  418,  pi.  1,  fig.  1. 

1960  Hoploparia  stokesi  (Weller);  Ball,  p.  6,  pi.  1,  figs.  1-5;  pi.  3,  figs.  1-2;  text-figs  2,  3a. 

1975  Hoploparia  stokesi  (Weller);  del  Valle  and  Rinaldi,  p.  4,  figs.  2-9. 

1984  Hoploparia  stokesi',  Feldmann,  fig.  2a. 

Material  and  localities.  One  partially  preserved  cephalothorax  with  both  chelipeds  (CIRGEO  1020,  R.  del  Valle 
and  C.  Rinaldi  coll.),  three  cephalothoraces  (CIRGEO  983-985);  one  left  cheliped  (CPBA  14120);  three 
specimens  consisting  of  cephalothoraces,  abdomens,  tail  fans  and  broken  pereiopods  (CIRGEO  979-981 );  one 
abdomen  and  tail  fan  (CIRGEO  982)  and  several  fragmentary  specimens  from  undetermined  localities  on 
Seymour  (Vicecomodoro  Marambio)  Island  (F.  Medina  coll.).  One  fragmentary  left  cheliped  and  an  external 
impression  of  left  cheliped  (CIRGEO  986-987)  from  locality  30  (F.  Medina  and  R.  del  Valle  coll.). 

Description.  Small  to  medium-sized,  cephalothorax  suboval,  tapering  both  anteriorly  and  posteriorly.  Rostrum 
long,  serrated.  Anterior  region  large,  about  50  to  65%  of  total  length  of  the  cephalothorax  measured  along 
mid-dorsal  line ; greatest  width  two  thirds  of  the  length  from  base  of  rostrum ; maximum  height  is  at  the  middle 
of  the  cephalothorax.  Two  ridges  on  the  anterior  region  extending  from  base  of  rostrum  onto  the  dorsal  surface 
are  directed  backwards  and  downwards.  Post-orbital  spines  not  well  preserved  in  most  of  available  specimens. 

A prominent  isolated  spine  occurs  near  middle  of  anterior  region,  above  the  cervical  groove  which  is  well 
developed  on  its  lower  part  only,  joining  a strongly  marked  antennar  groove  (b)  which  curves  upwards  and 
becomes  shallower  towards  the  anterior  margin.  Hepatic  groove  ( b , ) deep,  very  well  defined,  joining 
postcervical  (c)  and  cervical  (e-e^  grooves.  Protuberance  w well  marked,  dorsally  bounded  by  antennar  groove 
and  posteriorly  by  hepatic  groove.  Postcervical  groove  broad,  deep,  crossing  dorsal  mid-line  nearly 
perpendicular  to  it,  bending  sharply  downwards  and  forwards  on  the  side  to  meet  hepatic  groove  well  down 
the  flank.  A rounded  ridge  present  posterior  to  post-cervical  groove.  Branchiocardiac  groove  indistinct  and 
gastroorbital  hardly  visible  on  most  of  available  specimens.  A shallow  short  groove  extends  from  postcervical 
at  mid-flank,  not  reaching  the  cervical.  Marginal  groove  and  rim  well  developed  especially  on  the  postero- 
dorsal  margin. 

Ornamentation  consists  of  spines  and  granules  directed  forward,  coarse  on  dorso-anterior  surface, 
decreasing  in  size  on  branchiostegite,  but  densely  and  evenly  spaced  there.  This  feature  can  be  seen  when  the 
specimens  have  the  cuticle  preserved.  If  not,  the  ornamentation  looks  much  finer.  The  abdominal  segments  and 
parts  of  the  tail  fan  are  preserved. 

The  first  segment  is  short,  square,  with  well  developed  posterior  furrow,  pleuron  not  preserved.  Second 
segment  largest,  with  anterior  and  posterior  transverse  grooves,  the  latter  extending  on  the  pleuron.  Tergum 
shows  some  big  scattered  tubercles  and  a prominent,  rounded  tubercle  divides  the  tergum  and  pleuron.  Both 
bear  dense,  small,  rounded  pits.  Pleuron  large  and  rounded,  ending  in  a backward  directed  spine.  Terga  of  third 
to  fifth  abdominal  segments  are  like  the  former,  but  smaller.  Pleuron  with  anterior  margin  rounded,  tip  with 
spine.  Sixth  segment  subquadrate,  ornamented  as  the  others.  Uropods  not  well  preserved.  Telson  slightly 
longer  than  wide,  with  subparallel  margins,  ornamentation  not  clearly  seen  on  material,  although  it  looks  like 
that  on  the  abdominal  somites. 

Chelipeds  long,  stout,  spinous,  heterochelous,  much  longer  than  cephalothorax.  Merus  long,  narrow,  with 
rounded  section,  ornamented  with  spines  that  cover  all  the  surface.  Carpus  half  the  length  of  the  merus,  also 
with  circular  cross-section,  with  large  and  acute  spines  directed  anteriorly.  Palmar  portion  or  left  cheliped 
longer  than  wide,  widening  distally;  cross-section  oval;  external  surface  flat,  covered  with  rounded  tubercles; 
inner  margin  with  a carina  bounded  by  a furrow  that  continues  on  fixed  finger;  outer  margin  with  a row  of 
at  least  six  spines.  Internal  surface  convex,  with  small  tubercles.  Articular  processes  present  on  the  articulation 
of  propodus  and  dactylus.  Both  fingers  as  long  as  propodus,  of  equal  size.  Dactylus  straight,  pollex  slightly 
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incurved,  ornamented  with  evenly  spaced,  rounded  tubercles;  opposite  margins  with  very  small,  irregular  teeth. 
Right  cheliped  similar  to  left,  but  with  longer  and  more  slender  fingers.  Rest  of  pereiopods  partially  preserved, 
but  very  much  thinner  and  more  slender  than  first  pair. 

Remarks.  This  species  has  been  previously  described  by  Ball  (1960),  but  the  comparisons  are  not 
fully  complete.  Recently,  Feldmann  and  Tshudy  (1987)  showed  that  cuticular  ultrastructure  may 
be  used  to  distinguish  molted  remains  and  corpses  in  nephropids,  utilizing  a large  collection  of 
H.  stokesi  (Weller). 

H.  stokesi  (Weller)  can  be  separated  from  H.  longimana  (Sowerby)  by  its  coarser  ornamentation, 
more  spinous  abdominal  pleura,  longer  chelipeds  with  smaller  and  less  differentiated  teeth  on 
opposite  margins.  The  Antarctic  species  can  also  be  differentiated  from  H.  antarctica  Wilckens  by 
its  coarser  abdominal  ornamentation  and  lack  of  an  outer  pleural  rim. 

H.  collignoni  (van  Straelen)  differs  from  H.  stokesi  (Weller)  in  the  different  pattern  of  the  cephalic 
grooves,  smooth  abdomen  with  rounded  pleura  and  smaller  and  less  ornamented  chelae  (Secretan 
1964,  p.  98,  pi.  6,  fig.  1 ; pi.  8,  figs.  2-3;  pi.  9,  figs.  5-10;  pi.  10,  fig.  1 ).  H.  intermedia  and  H.  sculpta 
Secretan  spp.  (1964,  p.  102,  pi.  4,  figs.  6-10;  pi.  9,  fig.  11;  p.  105,  pi.  4,  fig.  1 1 ; pi.  9,  figs.  1-4,  12; 
pi.  10,  figs.  2,  5-9)  have  a less  ornamented  cephalothorax,  different  pattern  of  cephalic  grooves  and 
smaller  pereiopods. 

The  cephalic  grooves  of  H.  pusilla  Secretan,  from  the  Campanian  of  Madagascar  show  a general 
resemblance  to  those  of  H.  stokesi  (Weller).  The  two  species  can  be  separated  by  the  different  shape 
of  the  abdominal  pleura,  and,  according  to  Secretan  (1964,  p.  109,  pi.  10,  figs.  3-4),  the 
branchiocardiac  groove  is  absent  in  H.  pusilla , while  slightly  visible  in  H.  stokesi  (Weller), 
H.  mesembria  Etheridge  is  distinguishable  by  its  finer  ornamentation,  and  the  different  proportions 
of  cephalothorax,  abdomen  and  first  pair  of  pereiopods  (Woods  1957,  p.  169,  pi.  6,  figs.  1-4; 
text-fig.  7). 

H.  bearpawensis  Feldmann  shows  a prominent  spinose  keel  on  midline  that  makes  it  easily 
distinguishable  from  H.  stokesi  (Weller)  (Feldmann  et  al.  1977,  p.  1176,  pi.  3,  figs.  1-6). 
H.  mickelsoni  Bishop,  from  the  Lower  Campanian  of  North  America  can  be  separated  from 
H.  stokesi  by  its  discontinuous  cephalic  grooves,  anterior  cephalic  ridges,  shape  of  the  second 
pleuron  and  general  lack  of  tubercles  (Bishop  1985,  p.  609,  figs.  3.1,  4-5,  table  2). 

Occurrence.  The  species  is  known  from  several  localities  of  Campanian-Maastrichtian  age  of  the  eastern  basin 
of  the  Antarctic  Peninsula. 


Hop/oparia  sp.  A 
Plate  57,  figs.  6 and  7 

1981a  Palaeastacus  sp.,  Aguirre  Urreta  and  Ramos,  p.  609,  pi.  2,  figs.  b-d. 

19856  Hoploparia  sp.,  Aguirre  Urreta,  pi.  2,  figs.  c-D. 

Material  and  localities.  Two  left  (CPBA  10856  and  10859)  and  one  right  cheliped  (CPBA  10857)  from  locality 
17,  one  right  cheliped  (CPBA  10854)  from  locality  16  and  a pair  of  left  and  right  chelipeds  (CPBA  10858  a and 
b)  from  locality  18. 


EXPLANATION  OF  PLATE  58 

Hoploparia  stokesi  (Weller),  la-c,  two  lateral  and  a dorsal  view  of  cephalothorax,  CIRGEO  983.  2,  external 
impression  showing  cephalothorax  and  both  chelipeds,  CIRGEO  1020.  3.  lateral  view  of  cephalothorax, 
CIRGEO  984.  4,  lateral  view  of  CIRGEO  981  showing  cephalothorax,  abdomen  and  fragmentary 
pereiopods.  5,  lateral  view  of  CIRGEO  980  with  cephalothorax,  first  two  abdominal  segments  and 
fragmentary  pereiopods.  6,  impression  of  left  cheliped,  CI  RGEO  986a.  7,  impression  of  left  chelae  CIRGEO 
987,  locality  30.  All  figures  x I . 


PLATE  58 
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Description.  Propodus  subtriangular,  longer  than  wide,  with  subparallel  margins,  widening  slightly  distally, 
cross  section  oval.  Internal  margin  with  two  rows  of  12  spines  directed  anteriorly.  External  margin  with  only 
one  row  of  rounded  spines  bounded  by  a shallow  furrow.  Surface  of  propodus  covered  by  tubercles  and  spines, 
arranged  in  longitudinal,  parallel  rows,  being  the  larger  on  the  centre. 

Dactylus  and  pollex  slightly  shorter  than  palmar  portion  of  propodus.  Dactylus  straight,  pollex  curved,  both 
with  rounded  section,  tips  turned  to  meet.  Cutting  edges  with  very  strong,  rounded  teeth.  Surface  covered  with 
dense  and  evenly  spaced,  rounded  tubercles.  External  margins  of  both  fingers  with  small  spines  directed 
anteriorly. 

Remarks.  It  is  a pity  that  only  remains  of  chelae  are  preserved  of  this  species  of  Hoploparia.  This 
fact  prevents  the  comparison  with  most  species  and  thus  no  specific  assignment  is  proposed, 
although  the  chelae  show  features  characteristic  of  their  own.  They  can  be  distinguished  from  any 
other  species  of  the  genus  by  their  strong,  equal,  and  rounded  teeth  on  the  cutting  edges. 

H.  longimana  (Sowerby),  most  closely  resembles  the  material  described  here,  but  the  fingers  seem 
to  be  longer  and  the  teeth  of  the  cutting  edges  are  smaller  and  less  regular  in  that  species  (Sowerby 
1826,  p.  493,  pi.  18;  Woods  1931,  p.  90,  pi.  5,  fig.  5;  pi.  6,  fig.  2a,  see  also  above).  Another  species 
that  shows  the  same  kind  of  chelipeds  is  H.  falcifer  Fritsch  (Fritsch  and  Kafka  1887,  p.  37,  pi.  5, 
figs.  3 b-c,  4-5),  but  the  teeth  are  more  irregular  and  smaller.  Some  overall  resemblance  can  be  seen 
in  the  original  drawing  of  Hoploparia  sp.  n.  Schliiter  (1879,  p.  596,  pi.  16,  fig.  3)  from  the  Lower 
Senonian  of  Salzburg,  especially  in  the  shape  of  the  teeth  of  the  cutting  edges. 

It  must  be  noted  here  that  both  left  and  right  chelae  have  the  same  pattern  of  teeth  and  shape, 
unlike  other  species  of  the  genus  that  are  heterochelous. 

Occurrence.  All  the  available  material  comes  from  the  upper  levels  of  the  Rio  Mayer  Formation,  of  upper  early 
to  late  Aptian  age. 


Hoploparia  sp.  B 
Plate  57,  figs.  8-10 

1 985/?  Hoploparia  sp.,  Aguirre  Urreta,  pi.  2,  fig.  b. 

Material  and  localities.  Three  fragmentary  first  pereiopods  (MLP  216  a-b,  306,  J.  Frengiielli  coll.)  from  locality 
5,  Neuquen  Basin. 

Description.  Carpus  small,  subtriangular;  inferior  side  flat  and  superior  convex;  external  margin  with  a row  of 
four  rounded  tubercles;  internal  margin  shows  three  rows  of  irregularly  spaced,  larger  tubercles;  rest  of  surface 
punctate. 

Palmar  portion  of  propodus  long,  narrow  (length/width:  2-74)  widening  distally,  with  oval  cross-section. 
Upper  part  ornamented  with  evenly  spaced  punctae.  A row  of  small  tubercles  extends  from  base  of  dactylus 
to  base  of  propodus.  Inferior  side  only  punctate.  The  external  border  has  a rounded  ridge  or  carina  bounded 
by  a furrow  on  the  inferior  side.  Inferior  border  also  has  a ridge  bounded  by  a narrow  furrow  on  inferior 
surface.  The  ridge  shows  at  least  7 tubercles  of  similar  size. 

Two  articular  teeth  can  be  seen  on  the  base  of  dactylus  which  is  broken,  showing  a depressed  section  and 
only  one  tooth  on  the  opposite  margin  with  the  pollex,  which  is  also  missing. 

Remarks.  The  main  purpose  of  describing  this  specimen  is  its  stratigraphic  position,  as  it  is 
associated  with  the  ammonite  Thurmaniceras  sp.  of  the  Berriasian-early  Valanginian.  As  far  as  the 
author  knows,  this  is  the  oldest  record  of  the  genus  Hoploparia. 

It  is  described  in  open  nomenclature  due  to  the  scarcity  of  the  material.  I consider  it  unwise  to 
erect  a new  species  on  this  basis.  Other  more  or  less  well  defined  Neocomian  species  are  H.  aspera 
Harbort,  H.  dent  at  a (Roemer),  H.  edwardsi  Robineau-Desvoidy,  H.  riddlensis  Feldmann  and 
H.  triboleti  Borrisjak. 

H.  columbiana  Beurlen  from  the  Neocomian  of  Columbia  (Beurlen  1934,  p.  132,  pi.  25,  figs.  4 a-b) 
is  only  known  from  an  incomplete  carapace  and  may  not  even  be  a member  of  Nephropidae  but 
may  belong  to  the  Mecochiridae.  Many  very  imperfectly  known  Neocomian  species  of  the  genus 
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were  considered  as  synonyms  of  H.  edwardsi  Robineau-Desvoidy  by  Woods  (1931,  p.  87)  and  van 
Straelen  (19366,  p.  472). 

H.  dentata  (Roemer)  as  described  by  Stolley  (1924,  p.  416,  pi.  13,  figs.  2-13;  text-fig.)  differs  from 
H.  sp.  B by  the  presence  of  big  spines  on  both  the  external  and  internal  margins  and  the  relatively 
more  square  propodus.  The  chelipeds  of  H.  aspera  Harbort  are  only  known  from  a small 
imperfectly  preserved  fragment  (Harbort  1905,  p.  19,  pi.  2,  fig.  5c). 

As  far  as  can  be  interpreted  from  the  original  drawings,  H.  edwardsi  Robineau-Desvoidy 
(including  all  the  synonyms)  seems  to  be  very  similar  to  H.  dentata  (Roemer)  and  differs  from 
H.  sp.  B in  the  more  square  propodus,  presence  of  spines  in  both  margins  and  absence  of  a carina 
on  the  external  border  (Robineau-Desvoidy  1849). 

H.  riddlensis  Feldmann  is  the  best  known  Neocomian  species  and  its  chelipeds  are  similar  to  those 
of//,  sp.  B (Feldmann  1974,  p.  586,  pi.  1,  figs.  1-8),  but  the  carpus  is  longer  and  ornamented  with 
a single  spine  on  the  outer  surface.  The  propodus  is  relatively  shorter,  with  spines  on  the  outer 
margin,  but  not  in  the  inner  as  preserved  in  the  specimen  here  described,  which  also  shows  a carina 
on  the  external  margin. 

H.  triboleti  Borrisjak,  from  the  Neocomian  of  Crimea  (Caucasus),  is  very  close  to  H.  dentata 
(Roemer)  and  can  be  separated  from  H.  sp.  B by  its  shorter  propodus,  with  flatfish  sides,  external 
border  with  a carina  bounded  by  two  grooves  and  presence  of  six  strong  spines  on  the  internal 
border  (Borrisjak  1904,  p.  41 1 and  420,  pi.  13,  fig.  1). 

The  most  similar  species  morphologically,  although  of  different  stratigraphic  occurrence,  seems 
to  be  H.  sculpta  Secretan  from  the  Albian  of  Madagascar  (Secretan  1964,  p.  105,  pi.  4,  fig.  1 1 ; pi. 
9,  figs.  1-4,  12;  pi.  10,  figs.  2,  5-9;  text-figs.  56-58,  59-3).  The  slight  differences  are  the  presence  of 
only  3 or  4 spines  on  the  internal  margin  and  the  rim  that  bounds  the  articulation  between  the 
dactylus  and  propodus  as  well  as  the  two  tubercular  processes  over  that  rim. 

Occurrence.  The  specimens  are  associated  with  the  ammonite  Thurmaniceras  sp.,  from  Berriasian-early 
Valanginian  beds  of  the  Mulichinco  Formation. 


Infraorder  palinura  Latreille,  1803 
Superfamily  glypheoidea  Winckler,  1883 
Family  glypheidae  Winckler,  1883 
Genus  glyphea  von  Meyer,  1835 

Type  species.  Palinurus  regleyanus  Desmarest  1822,  by  original  designation. 

Diagnosis.  Carapace  subcylindrical,  with  short  pointed  rostrum,  two,  three  or  more  tuberculate 
keels  on  anterior  region,  cervical  groove  deep,  postcervical  and  branchiocardiac  grooves  deep  and 
very  oblique,  sometimes  joined  at  different  points,  gastroorbital  groove  present  in  some  species, 
other  small  grooves  may  occur,  branchiostegite  with  anterior  extension,  first  pereiopod  subchelate, 
carapace  ornamented  with  granules,  tubercles  and  pits  (van  Straelen  1925;  Woods  1926;  Glaessner 
1969). 

Comments.  Glyphea  is  a common  Jurassic  genus  known  from  many  species  with  a wide  distribution. 
In  the  Cretaceous  it  is  much  less  diverse  but  still  widespread.  The  other  subgenus,  Squamosoglyphea , 
can  easily  be  separated  because  of  its  carapace  with  scale-like  sculpture  and  its  restriction  to  the  late 
Jurassic  of  Europe  (Glaessner  1969). 

Trachysoma  Bell  can  be  distinguished  from  Glyphea  in  the  shape  of  the  cephalothorax  which  is 
long  and  narrow,  and  the  straight  cervical,  postcervical  and  branchiocardiac  grooves  (Bell  1863; 
Glaessner  1969).  Quayle  (1987)  showed  that  the  shape  and  proportions  of  the  cephalothorax  of  the 
type  species,  T.  scahra  Bell,  compared  well  with  Glyphea  after  preparation,  and  consequently  he 
assigned  that  species  to  the  genus  Glyphea. 

The  other  representatives  of  the  family  Glypheidae  include  two  Triassic  genera:  Litogaster  von 
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text-fig.  14.  Sketch  figure  of  a generalized  glypheid  with  the  main  morphological  features  of  the 

cephalothorax. 

Meyer  and  Triasiglyphea  van  Straelen,  and  the  unique  living  genus  Neoglyphea  Forest  and  Saint 
Laurent.  Litogaster  differs  from  Glyphea  in  the  thin-shelled  carapace  with  parallel  postcervical  and 
branchiocardiac  grooves  (Glaessner  1969;  Schram  1971).  Triasiglyphea  resembles  Litogaster  but  is 
poorly  known  (van  Straelen  1936c).  The  living  genus  Neoglyphea  differs  from  Glyphea  in  its  long, 
narrow  cephalothorax  and  the  reduction  of  cephalic  grooves  and  anterior  keels  (Forest  and  Saint 
Laurent  1975;  1981). 

Cretaceous  records  of  Glyphea  are  from  the  early  Cretaceous  of  Antarctica  (Taylor  1979), 
Australia  (Woods  1957;  Hill  el  al.  1968),  Canada  (Feldmann  and  McPherson  1980),  Great  Britain 
(Bell  1863;  Woods  1927),  Tanzania  (Beurlen  1933)  and  the  late  Cretaceous  of  Central  Europe 
(Fritsch  and  Kafka  1887),  Great  Britain  (M‘Coy  1854;  Woods  1927),  North  America  (Rathbun 
1923)  and  Sweden  (Danian?,  Schliiter  1874;  text-figs.  21  and  22). 


Glyphea  oculata  Woods,  1957 
Plate  59,  figs.  1-3;  text-fig.  15 

1957  Glyphea  oculata  Woods,  p.  162,  pi.  4,  fig.  4,  text-fig.  4. 

19856  Glyphea  oculata  Woods;  Aguirre  Urreta,  pi.  1,  figs,  a-c,  text-fig.  3. 

Material  and  locality.  A nearly  complete  specimen  (CPBA  13912  A-B),  and  two  external  moulds  of 
cephalothoraces  (CPBA  13910-11)  from  locality  17. 

Description.  Cephalothorax  subcylindrical,  tapering  anteriorly,  small  (length  measured  from  base  of  rostrum 
to  posterior  end  along  mid-dorsal  line:  32  mm).  Maximum  height  13  mm,  just  posterior  to  the  mid  point. 
Rostrum  small,  upturned  at  tip.  Antennal  region  bordered  posteriorly  by  cervical  groove  and  ventrally  by 
antennal  groove.  Mid-dorsal  keel  not  well  defined  in  available  material.  Three  narrow,  nearly  parallel  keels  on 
each  side,  tending  to  diverge  posteriorly;  separated  by  broad  spaces  and  covered  with  small  and  rounded 
tubercles.  The  spaces  between  the  keels  are  smooth  except  for  some  small  tubercles  placed  ventrally  to  the  third 
keel.  Cervical  groove  deep,  oblique  and  almost  straight.  Antennal  groove  shallower  than  cervical  and  directed 
upward  to  meet  the  anterior  margin.  Inferior  groove  visible  but  not  sharply  defined,  posteriorly  bordering 
pterigostomial  region,  ornamented  by  small,  rounded,  densely  and  regularly  spaced  tubercles.  Hepatic  region 
small  and  bilobated,  dorsally  limited  by  shallow  oblique  groove.  Ventrally  hepatic  groove  deep  forming  a ‘w\ 
Entire  region  less  ornamented  than  the  rest  of  cephalothorax.  Cardiac  region  ornamented  with  coarse,  rounded 
tubercles  arranged  in  oblique  rows,  limited  ventrally  by  the  postcervical  groove  which  is  not  well  defined 
throughout  and  diverges  from  the  branchiocardiac  at  a short  distance  from  the  mid-dorsal  line;  dorsal  part 
shallow  and  anterior  part  deeper  and  more  distinct  than  dorsal  one. 

The  branchiocardiac  (a)  starts  from  dorsal  line  at  half  the  distance  from  posterior  end  to  the  cervical  groove, 
near  the  median  line  transverse  but  soon  bends  forward.  Branchiocardiac  region  gently  convex,  with  numerous 
rounded  small  tubercles,  which  diminish  in  size  toward  ventral  margin.  Edge  of  cephalothorax  with  a marginal 
groove  and  ridge.  Abdominal  terga  rounded,  nearly  smooth,  with  two  furrows  bordering  anterior  and 
posterior  margins.  Pleural  borders  rounded,  each  pleuron  with  two  longitudinal  furrows  above  and  with  a 
marginal  rim  limited  by  a groove. 
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text-fig.  15.  Diagrammatic  sketch  of  the  cephalo- 
thorax  of  Glyphea  oculata  Woods  showing  the 
anterior  keels  and  cephalic  grooves,  x 10. 


Remarks.  The  pattern  of  the  grooves  of  the  cephalothorax  compares  well  with  that  of  the  holotype 
and  unique  specimen  of  Glyphea  oculata  Woods  (1957,  pi.  4,  fig.  4;  text-fig.  4)  from  the  late  Albian 
of  Australia.  The  completeness  of  the  Patagonian  material  allows  a better  knowledge  of  the  species 
as  the  abdomen  was  previously  unknown.  The  only  apparent  difference  between  the  Australian  and 
Patagonian  material  seems  to  be  in  the  stronger  sculpture  of  the  former.  As  the  strength  of  the 
ornamentation  varies  within  the  Patagonian  specimens,  it  does  not  seem  to  be  a significant  feature 
at  the  specific  level. 

Taylor  (1979)  included  the  species  in  the  genus  Trachysoma  Bell,  but  the  characteristics  of  the 
genus  given  by  him,  such  as  the  acute  antennal  angle;  parallel  arrangement  of  a and  c and  smooth 
area  between  carinas,  are  not  exclusive  to  it.  A smooth  area  between  keels  is  typical  of  a group  of 
species  of  Glyphea  (see  Feldmann  and  McPherson  1980,  p.  10).  A parallel  arrangement  of  a and  c 
is  not  present  in  the  holotype  of  the  type  species  of  Trachysoma , T.  scabrum  Bell  (1863,  pi.  10,  fig. 
1 1,  see  also  Quayle  1987,  pi.  64,  figs.  12-14,  text-fig.  5b)  and  there  are  no  notable  differences  between 
the  antennal  angle  of  Trachysoma  and  Glyphea  (see  Taylor  1979,  text-figs.  3 a,  cl).  The  species  is  thus 
maintained  in  Glyphea  as  proposed  by  Woods  (1957). 

G.  oculata  Woods  differs  from  G.  alexandri  Taylor  as  the  latter  species  lacks  a postcervical  groove. 
The  Antarctic  species  also  shows  the  hepatic  groove  straight  and  not  curved  as  in  G.  oculata.  The 
inferior  groove  does  not  join  the  ventral  but  the  anterior  border  and  keels  are  nearly  straight  (Taylor 
1979,  p.  9,  text-fig.  3a).  G.  georgiensis  Taylor  resembles  G.  oculata  in  the  pattern  of  the  grooves,  but 
the  antarctic  species  is  larger,  the  cephalothorax  is  more  elongate  and  it  presents  a transverse  groove 
linking  c with  the  mid-dorsal  line.  Stronger  ornament  of  the  abdomen  of  G.  georgiensis  is  also 
noticeable  (Taylor  1979,  p.  11,  text-fig.  3b). 

G.  arborinsularis  Etheridge  differs  from  G.  oculata  in  its  size,  the  stronger  ornament  of  the 
cephalothorax,  the  nearly  straight  keels,  the  deeper  antennal  groove,  and  the  less  developed 
postcervical  groove  (Etheridge  1917,  p.  8,  pi.  1,  fig.  6;  pi.  2,  figs.  2 and  3;  Woods  1957,  p.  160, 
pi.  4,  figs.  2 and  3;  text-fig.  3). 

G.  hennigi  Beurlen  from  the  Neocomian  of  East  Africa  is  distinguished  from  G.  oculata  by  its  size, 
straight  hepatic  groove,  poor  development  of  c,  presence  of  a transverse  groove  joining  a and  c and 
more  convex  branchial  region  (Beurlen  1933,  p.  92,  figs.  3-4). 

As  far  as  the  author  knows,  only  three  species  of  Glyphea  have  been  recorded  from  Upper 
Cretaceous  deposits.  G.  carolinensis  Rathbun  from  the  Campanian  of  North  America  (Rathbun 
1923,  see  also  Feldmann  1981)  is  so  poorly  preserved  as  to  prevent  any  comparison.  G.  bohemica 
Fritsch  (Fritsch  and  Kafka  1887,  p.  23,  pi.  8,  figs.  1-8;  text-fig.  45),  from  the  Turonian  of  Bohemia, 
known  from  Kafka’s  drawings,  differs  from  G.  oculata  in  its  subtriangular  cephalothorax,  keels 
converging  to  the  rostrum,  different  configuration  of  cephalic  grooves,  spiny  pereiopods  and  poor 
development  of  abdominal  pleura.  G.  lundgreni  Schliiter  from  the  late  Cretaceous ?-Danian  of 
Sweden  shows  an  overall  resemblance  to  G.  oculata , but  it  seems  to  be  more  sculptured,  with  very 
well  developed  cephalic  keels,  absence  of  gastroorbital  groove  and  different  shape  of  postcervical 
groove  (Schliiter,  1874,  p.  48,  pi.  3,  figs.  3-5). 

Note  here  G.  oculata  Woods  and  other  Cretaceous  species  resemble  Jurassic  species  more  than 
the  unique  living  form,  Neoglyphea  inopinata  Forest  and  Saint  Laurent,  which  shows  a great 
reduction  of  the  grooves  and  cephalic  keels  (Forest  and  Saint  Laurent  1975;  1981). 

Occurrence.  G.  oculata  Woods  is  known  from  the  late  Albian  Tambo  Formation  of  central  Queensland, 
Australia  (Woods  1957)  and  from  Santonian  levels  of  the  Mata  Amarilla  Formation  of  southern  Patagonia, 
Argentina. 


532 


PALAEONTOLOGY,  VOLUME  32 


Glyphea  sp. 

Plate  59,  fig.  4;  text-fig.  16 

Material  and  locality.  One  specimen  consisting  of  the  right  side  of  cephalothorax  and  five  partially  preserved 
pereiopods  (CPBA  14096,  A.  Guttierrez  coll.)  from  locality  4. 

Description.  Cephalothorax  subcylindrical,  narrowing  in  front.  Rostrum  not  well  preserved.  Anterior  region 
from  base  of  rostrum  to  mid-dorsal  end  slightly  more  than  one  third  the  length  of  carapace.  Cervical  groove 
(e— et ) deep,  nearly  straight,  dorsal  part  curving  slightly  backward  and  ventral  part  slightly  forward.  Near 
ventral  margin,  cervical  groove  joins  antennar  groove  (b),  which  coincides  with  ventral  border  of  anterior 
region.  Gastroorbital  groove  (d)  arises  from  the  cervical  groove.  At  first  it  is  nearly  horizontal,  but  then  it 
divides  into  two  branches,  one  directed  dorsally,  the  other  ventrally.  Three  longitudinal  keels  on  each  side  of 
the  anterior  region.  The  mid  one  originates  from  the  point  of  division  of  d.  The  most  prominent  keel  developed 
below  the  ventral  branch  of  d,  bearing  small  rounded  tubercles.  Upper  keel  not  well  preserved  but  starts  above 
the  upper  end  of  dorsal  portion  of  gastroorbital  groove.  Spaces  between  keels  are  concave  and  nearly  smooth. 
Epistome  preserved,  as  well  as  part  of  the  third  maxilliped. 

Cardiac  region  poorly  preserved,  postcervical  groove  (c)  cannot  be  seen.  Branchiocardiac  groove  (a)  extends 
obliquely  forward  from  dorsal  line,  ventrally  joining  inferior  (i)  groove  and  the  hepatic  ( bx ) which  in  turn 
bounds  the  hepatic  lobe.  Pterygostomial  region  subquadrate,  covered  with  small  rounded  tubercles. 
Branchiocardiac  region  broadly  convex,  crushed  on  dorsal  part,  ornamented  with  small  tubercles,  more 
densely  spaced  on  the  dorsal  part.  Tubercles  scattered  near  ventral  margin,  also  smaller.  Posterior  and  ventral 
border  with  marginal  groove  and  ridge. 

First  to  fifth  right  pereiopods  partially  preserved,  articulated  with  cephalothorax.  Distal  end  not  visible. 
Merus  of  first  one  large,  flat,  ornamented  with  small  pits.  Other  pereiopods  decreasing  in  size  up  to  the  fifth 
which  is  very  thin  and  nearly  smooth. 

Remarks.  The  specimen  described  shares  characters  with  both  Jurassic  and  Cretaceous  species.  It 
compares  well  with  Jurassic  species  such  as  G.  regleyana  (Desmarest)  or  G.  rostrata  (Phillips) 
particularly  in  the  well-defined  gastroorbital  groove.  It  also  resembles  Cretaceous  species  such  as 
G.  cretacea  or  G.  oculata  Woods,  as  well  as  other  Neocomian  species,  in  the  distribution  and  shape 
of  the  cephalic  grooves  which  are  less  well  developed  than  in  the  Jurassic  species.  This  tendency  is 
confirmed  by  the  unique  living  species  of  the  family,  N.  inopinata  Forest  and  Saint  Laurent,  which 
shows  relict  keels,  and  has  the  gastroorbital  and  postcervical  grooves  nearly  absent  (Forest  and 
Saint  Laurent  1975,  p.  155,  pis.  1 and  2). 

G.  regleyana  (Desmarest)  differs  from  G.  sp.  in  its  bigger  overall  size  as  well  as  the  relatively  larger 
anterior  region,  stronger  ornament  and  the  antennar  groove  which  runs  obliquely  to  the  ventral 
margin  and  not  coincident  with  it  as  happens  in  the  Argentinian  species  (Woods  1925,  p.  57,  pi.  14, 
figs.  3-5;  text-fig.  7a,  van  Straelen  1925,  p.  183,  fig.  89). 

G.  rostrata  (Phillips)  resembles  G.  sp.  in  its  small  size,  relatively  small  anterior  region,  and 
antennar  groove  nearly  coincident  with  the  antero-ventral  margin.  However,  it  differs  in  the  poor 


EXPLANATION  OF  PLATE  59 

Figs.  1-3.  Glyphea  oculata  Woods.  1,  left  lateral  view  of  CPBA  13912,  showing  partially  preserved 
cephalothorax  and  abdomen.  2,  right  lateral  view  of  CPBA  13911  showing  anterior  part  of  cephalothorax. 
3,  left  lateral  view  of  impression  of  cephalothorax  showing  disposition  of  cephalic  grooves,  CPBA  13910, 
locality  17. 

Fig.  4.  Glyphea  sp.  Right  lateral  view  of  CPBA  14096  showing  cephalothorax  and  proximal  portion  of 
pereiopods,  locality  4. 

Figs.  5-8.  Meyerella  rapax  (Harbort).  5,  lateral  view  of  specimen  with  partially  crushed  cephalothorax,  first 
three  abdominal  segments  and  basal  articulation  of  pereiopods,  MLP  19835.  6,  lateral  view  of  crushed 
cephalothorax  and  part  of  pereiopods,  CPBA  13214.  7,  lateral  view  of  specimen  showing  cephalothorax  and 
abdomen,  MLP  19834.  8,  lateral  view  of  cephalothorax,  first  abdominal  segments  and  merus  of  pereiopod, 
MLP  19836,  locality  3.  All  figures  x 1. 
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text-fig.  16.  Diagrammatic  sketch  of  Glyphea  sp. 
showing  the  cephalic  keels  and  grooves,  x 10. 


development  of  d,  which  is  restricted  to  a short  horizontal  groove,  and  in  the  stronger  keels  and 
ornament  (Woods  1925,  p.  57,  pi.  15,  figs.  4-10;  text-fig.  7b). 

Other  Neocomian  species  are  G.  jeletzkyi  and  G.  robusta  Feldmann  and  McPherson  spp., 
G.  henningi  Beurlen,  G.  alexandri  and  G.  georgensis  Taylor  spp. 

G.  robusta  has  strong  ornamentation  on  the  branchiostegite,  also  a very  well  developed 
postcervical  groove  and  no  gastroorbital  groove  (Feldmann  and  McPherson  1980,  p.  8-11,  pi.  2, 
figs.  8 and  9;  pi.  3,  figs.  2-7 ; text-figs.  3-5).  G.  jeletzkyi  shows  a subquadrate  cephalothorax  with  well 
developed,  subparallel  postcervical  and  branchiocardiac  grooves.  The  cervical  groove  is  nearly 
vertical  and  the  antennal  keels  are  inclined  and  would  intersect  the  ventral  margin. 

G.  alexandri  Taylor  can  be  separated  from  G.  sp.  by  its  size,  much  more  strongly  sculptured 
carapace,  and  different  pattern  of  grooves,  especially  the  poor  development  of  the  branchiocardiac 
groove  (Taylor  1979:  8,  pi.  1 a-e;  text-fig.  3n).  G.  georgensis , another  Antarctic  Neocomian  species, 
can  be  distinguished  from  G.  sp.  by  its  size,  more  sculptured  carapace,  which  is  also  long  and 
narrow,  and  by  the  better  development  of  the  postcervical  groove  (Taylor  1979,  p.  10,  pi.  l/-g;  text- 
fig.  3 b). 

G.  henningi  Beurlen  (1933,  p.  92,  text-figs.  3 and  4)  has  a more  rounded  cephalothorax  with  a 
groove  that  connects  a and  c and  seems  to  reach  the  mid-dorsal  line  (text-fig.  3)  and  also  a different 
shaped  inferior  groove.  The  ornamentation  and  the  development  of  the  gastroorbital  groove  are 
quite  similar  to  that  of  G.  sp. 

G.  cretacea  McCoy  differs  from  G.  sp.  in  its  relatively  larger  anterior  region,  keels  convergent  to 
the  back,  area  below  lower  keel  covered  with  tubercles,  antennar  groove  not  coincident  with  the 
antero-ventral  margin,  and  absence  of  gastroorbital  groove  (McCoy  1854,  p.  118,  pi.  14,  fig.  2; 
Woods  1925,  p.  61,  pi.  16,  figs.  3-5). 

G.  sp.  differs  from  G.  oculata  Woods  in  its  well-developed  gastroorbital  groove,  keels  which  are 
straight  and  not  convergent,  smaller  anterior  region  and  in  having  the  antennar  groove  coincident 
with  the  antero-ventral  margin  (Woods  1957,  p.  162,  pi.  4,  fig.  4;  text-fig.  4;  Aguirre  Urreta  19856, 
pi.  1,  figs,  a-c;  text-fig.  3). 

Occurrence.  The  species  occurs  in  the  upper  member  of  the  Agrio  Formation,  slightly  above  the  level  with 
Crioceratites  andinum  (Gerth)  of  late  Hauterivian-early  Barremian  age  (Riccardi  1984). 


Family  mecochiridae  van  Straelen,  1925 
Genus  meyerella  Simpson,  1985 

Type  species.  Meyeria  magna  M'Coy  1849,  by  original  designation. 

Comments.  Simpson  (in  Simpson  and  Middleton  1985)  erected  the  new  genus  Meyerella , and 
selected  Meyeria  magna  as  its  type  species  in  his  Ph.D.  thesis.  Unfortunately  the  paper  in  which  he 
formalized  this  genus  is  still  in  press,  so  there  is  little  that  can  be  said  about  the  new  genus  and  no 
diagnosis  is  given  here.  Its  main  morphological  features,  together  with  the  differences  from  Meyeria , 
are  given  in  Simpson  and  Middleton  (1985).  According  to  this  work,  and  taking  account  of  the 
similarities  between  M.  rapax  and  M.  magna , I assume  that  the  former  species  belongs  to  the  new 
genus  Meyerella.  Meyerella  seems  to  be  represented  in  the  Cretaceous  of  Germany  (Harbort  1905; 
Kemper  1 976),  Great  Britain  (Bell  1863;  Woods  1928;  Simpson  and  Middleton  1985),  Mexico 
(Rathbun  1935),  South  Africa  (Kitchin  1908),  Spain  (van  Straelen  1927;  Via  1975),  Tibet  (Wang 
1981)  and  Argentina  (herein)  (see  text-figs.  21  and  22). 
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text-fig.  17.  Sketch  figure  of  a generalized  mecochirid  showing  the  main  morphological  features  of  the 
cephalothorax  (modified  from  Wang  1981  and  Simpson  and  Middleton  1985). 

Meyerella  rapax  (Harbort,  1905) 

Plate  59,  figs.  5-8;  text-figs.  18  and  19 

1863  Astacodus  falcifer  (Phillips)  Bell,  p.  30,  pi.  9,  fig.  3 only. 

1905  Meyeria  rapax  Harbort,  1905,  p.  1 1,  pi.  1,  fig.  12;  pi.  2,  figs.  1-4,  pi.  3,  figs.  1 and  2,  pi  II,  figs.  1 
and  2. 

1928  Meyeria  rapax  Harbort,  Woods,  p.  70,  pi.  18,  figs.  ?5,  6,  ?7,  8. 

1932  Meyeria  rapax  Harbort,  Glaessner,  p.  58. 

1976  Mecochirus  rapax  (Harbort);  Kemper,  pi  11,  fig.  1 

19856  Meyeria  rapax  Harbort,  Aguirre  Urreta,  pi.  1,  figs.  D-G. 

Material  and  locality.  Nine  specimens  (MLP  19834-40,  CPBA  1 39 1 3 14)  from  locality  3. 

Description.  Cephalothorax  relatively  large,  subcylindrical,  tapering  anteriorly,  sides  of  thorax  convex; 
rostrum  short,  poorly  preserved.  Antennal  region  with  three  lateral  keels  and  a less  developed  dorsal  keel.  The 
middle  and  lower  keel  are  stronger  and  bear  coarse  tubercles,  while  the  upper  keel  is  less  defined,  with  smaller 
tubercles.  Spaces  between  keels  smooth.  Cervical  groove  deep,  narrow,  directed  obliquely  forward  and  forming 
an  angle  of  45°  with  the  mid-dorsal  line,  joining  antennal  groove  (b)  which  is  well  defined  and  runs  nearly 
parallel  to  the  mid-dorsal  line.  Branchiocardiac  (a)  groove  well  defined,  sinuous,  nearly  reaching  the  posterior 
margin  or  carapace.  Postcervical  groove  (c)  almost  parallel  to  branchiocardiac,  but  less  distinct.  An  ill  defined 
sinuous  lobe  diverges  from  the  postcervical  groove,  cutting  the  mid-dorsal  line.  The  third  and  lower  keel  of  the 
anterior  region  is  continued  on  the  lobe  over  the  hepatic  region  and  between  the  branchiocardiac  and 
postcervical  grooves.  Hepatic  lobe  (fq)  with  a ‘w’  shape.  Inferior  groove  (i)  curved,  cutting  ventral  border  at 
same  place  as  cervical,  with  the  mid-dorsal  line. 

Pterygostomial  region  with  small,  sparse,  rounded  tubercles;  cardiac  region  with  strong  upper  tubercles, 
decreasing  in  size  and  density  toward  postcervical  groove.  Branchiocardiac  region  with  small,  dense  and 
forwardly  directed  spines.  Scanning  electron  micrographs  (text-fig.  19)  of  carapace  show  detailed  structure  of 
tubercles.  Posterior  and  ventral  border  with  marginal  furrow,  less  prominent  towards  anterior  part. 

First  five  abdominal  segments  are  preserved,  tail  fan  missing.  Terga  arcuate,  with  well-developed  anterior 
grooves  and  less  marked  posterior  ones;  both  parallel  to  their  respective  margins.  Surface  nearly  smooth,  only 
ornamented  by  small  tubercles  on  dorsal  region.  A transverse  furrow  separates  terga  from  pleura.  The  latter 
are  subtriangular,  rounded,  the  second  is  the  largest,  with  the  antero-ventral  border  rounded  and  the  postero- 
ventral  straight  and  subvertical.  The  whole  margin  is  denticulated.  Pleura  three  to  five  decreasing  in  size  and 
triangular.  Pereiopods  partially  preserved  usually  showing  basal  articulation.  Some  fragments  may  correspond 
to  merus  of  first  pereiopods  due  to  their  position  and  size. 

Remarks.  The  specimens  studied  agree  closely  with  the  originals  of  Harbort  (1905,  pi.  1,  fig.  12;  pi. 
2,  figs.  1 and  2,  pi.  3,  figs.  1 and  2;  pi.  11,  fig.  12)  in  size,  configuration  of  grooves,  shape  of 
cephalothorax  and  ornament. 

In  the  Austral  hemisphere,  only  one  species  of  Meyerella  is  known:  M.  schwarzi  (Kitchin)  from 
the  Neocomian  of  South  Africa.  This  species  closely  resembles  M.  rapax  in  relative  proportions, 
ornament,  pattern  of  the  grooves  and  stratigraphic  level,  but  M.  schwarzi  is  smaller,  with  the 
cephalothorax  more  compressed,  and  it  presents  a well  marked  sigmoidal  groove  connecting  c with 
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text-fig.  18.  Diagrammatic  sketch  of  the  cephalo- 
thorax  of  Meyerella  rcipax  (Harbort)  showing  the 
characteristic  disposition  of  grooves,  x 10. 


the  dorsal  margin  (Kitchin  1908,  p.  212,  pi.  8,  fig.  22,  pi.  9,  fig.  4,  4a,  5,  pi.  10,  fig.  4,  4a,  4b).  It  also 
lacks  the  denticles  present  in  the  anterior  border  of  the  abdominal  pleura  in  M.  rapax.  Other  closely 
related  species,  such  as  M.  mexicana  (Rathbun,  1935/?  = M.  magna  according  to  Simpson  and 
Middleton  1985),  M.  bolivarii  (van  Straelen,  1927)  and  M.  magna  (M‘Coy,  1849),  differ  from 
M.  rapax  in  their  stronger  ornament  of  the  cephalothorax  as  well  as  in  the  abdominal  terga,  and 
in  the  poor  development  of  the  inferior  and  postcervical  grooves  (see  also  Woods  1928;  Via  1975; 
Wang  1981). 

It  is  interesting  to  note  that  the  structure  of  the  tubercles  of  the  cephalothorax,  as  seen  by 
scanning  electron  micrographs  is  very  similar  to  that  observed  in  M.  magna  (see  Simpson  and 
Middleton  1985,  fig.  Ik)  and  completely  different  from  the  tubercles  associated  with  pores  present 
in  Meyeria  ornata  (Simpson  and  Middleton  1985,  fig.  lf-g). 

The  only  other  record  of  a mecochirid  from  South  America  is  that  of  Mecochirus  chilensis  Forster 
from  the  Kimmeridgian  of  Northern  Chile  (Forster  and  von  Hillebrant  1984).  The  author  had  the 
opportunity  of  comparing  the  Patagonian  material  with  specimens  of  M.  chilensis  deposited  in  the 
Museum  of  the  Universidad  del  Norte,  Antofagasta,  Chile.  M.  chilensis  resembles  M.  rapax  in  the 
development  of  an  hepatic  crest,  but  it  is  much  smaller,  shows  great  inflation  of  the  branchiocardiac 
region  which  is  very  large  in  comparison  with  the  anterior  region,  and  a poor  development  of  the 
inferior  groove  (Forster  and  von  Hillebrant  1984,  p.  73,  pi.  2,  figs.  1-8,  pi.  3,  figs.  1 and  2,  text-figs. 
3-7). 

Other  supposed  mecochirids  from  South  America  were  the  records  of  Peuhenchia  tellecheai  and 
P.  magna  Rusconi  spp.,  from  ?Middle  Jurassic  beds  of  Arroyo  Cajon  Grande,  southern  Mendoza, 
Argentina  (Rusconi  1945).  The  holotype  and  unique  specimen  of  P.  tellecheai  is  a crushed  small 
specimen  preserved  in  black  shales,  which  was  studied  by  this  author  during  a visit  to  the  Museo 
de  Historia  Natural  de  Mendoza.  The  morphology  of  the  anterior  region  was  misinterpreted  by 
Rusconi  (1945,  figs.  1 and  2),  and  taking  in  account  the  absence  of  diaresis  in  the  uropods  and  the  very 
bad  preservation  I can  only  state  that  it  is  probably  not  a mecochirid,  but  a callianassid.  P.  magna 
is  also  represented  by  a couple  of  crushed  chelae  and  it,  too,  is  a callianassid.  The  age  of  the 
strata  bearing  these  specimens  (Vaca  Muerta  Formation)  is  currently  considered  to  be  late 
Jurassic-Berriasian  (Nullo  1987). 

In  the  collections  of  the  Universidad  de  Buenos  Aires,  there  is  a German  specimen  of  M.  rapax 
from  Sachsenhagen  i.  Schaumburg-Lippe  (early  Valanginian,  E.  Stolley  coll.  N°  900)  which  is 
identical  with  the  material  studied  here,  except  for  its  larger  size.  I have  also  had  the  opportunity 
to  see  a large  collection  of  M.  rapax  (P.  Rawson  coll.)  from  the  earliest  Barremian  Tealby 
Limestone,  of  Nettleton,  Lincolnshire,  England,  and  the  specimens  compare  very  well  with  the 
Argentinian  material. 

Occurrence.  M.  rapax  is  known  from  the  early  Valanginian  of  Miisingen  and  Gronau,  Westphalia,  Northern 
Germany  (Harbort  1905;  Glaessner  1932);  the  C4  and  probably  C9  beds  of  Speeton  Clay,  Hauterivian;  and 
Tealby  Clay,  Lincolnshire,  England  (Woods  1928)  and  the  Olcostephanus  curacoensis  assemblage  zone  of  the 
Mulichinco  Formation,  at  the  Valanginian-Hauterivian  boundary  (Riccardi  1984). 
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text-fig.  19.  Scanning  electron  micrographs  showing  ornament  of  anteroventral  region  of  branchiostegite  of 
Meyerella  rapax.  A,  general  view,  x 50.  B,  detail  of  two  tubercles,  as  arrowed  in  A,  x 120. 


Infraorder  anomura  H.  Milne-Edwards,  1832 
Superfamily  thalassinoidea  Latreille,  1831 
Family  callianassidae  Dana,  1852 
Subfamily  protocallianassinae  Beurlen,  1930 
Genus  protocallianassa  Beurlen,  1930 

Type  species.  Callianassa  archiaci  A.  Milne-Edwards  1860,  by  original  designation. 

Diagnosis.  Callianassid  with  linea  thalassinica,  first  pereiopod  chelate,  heterochelous,  abdomen  with 
well-developed  pleura,  uropods  without  diaeresis  (Glaessner  1969). 

Comments.  The  subfamily  Protocallianassinae  is  presently  represented  by  the  unique  extinct  genus 
Protocallianassa.  Protocallianassa  Beurlen  and  Callianassa  Leach  are  not  easy  to  separate  when 
only  the  chelae  are  preserved,  as  is  usually  the  case.  In  spite  of  that,  Mertin  (1941,  p.  199)  gave  some 
features  as  characteristics  of  the  chelae  of  Protocallianassa  which  allow  separation  of  the  two 
genera.  They  are:  1)  narrow  shape  of  the  palm;  2)  diagonal  union  of  propodus  and  carpus;  3) 
absence  of  an  indentation  in  the  anterior  edge  of  the  palm;  4)  carpus  thinner  than,  and  usually  as 
long  as,  the  propodus,  and  5)  absence  of  a lateral  extension  on  the  merus. 

According  to  Beikirch  and  Feldmann  (1980)  placement  in  one  or  other  genus  is  mostly  based  in 
stratigraphic  position.  Late  Cretaceous  forms  are  assigned  to  Protocallianassa  while  the  Tertiary 
species  are  placed  in  Callianassa.  This  is  not  always  the  case,  e.g.  C.  peruviana  Rathbun  (Rathbun, 
in  Knechtel  et  at.  1947)  is  an  Albian  species,  C.  meridionalis  Ball  is  from  the  Late  Cretaceous  of 
Antarctica  and  C.  burckhardti  Bohm  from  the  Cretaceous-Tertiary  boundary  of  the  Neuquen  Basin 
(see  below). 

The  fact  that  the  pereiopods  are  heterochelous  and  that  differences  are  noticeable  in  males  and 
females,  together  with  the  usual  fragmentary  preservation,  has  led  to  the  erection  of  a huge  number 
of  species  in  both  genera.  A worldwide  exhaustive  revision  of  both  families  is  needed.  As  understood 
here,  Cretaceous  representatives  of  Protocallianassa  are  known  from  Antarctica  (Taylor  1979), 
Central  Europe  (Mertin  1941),  France  (Tribolet  1873-4;  1874-5),  Great  Britain  (Woodward  1868), 
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North  America  (Pilsbry  1901 ; Rathbun  1926a;  1935;  Roberts  1962;  Beikirch  and  Feldmann  1980; 
Bishop  19836;  1985)  and  Patagonia  (Aguirre  Urreta  1983;  19856;  text-figs.  21-22). 


Protocallianassa  patagonica  Aguirre  Urreta,  1983 
Plate  60,  figs.  1-4 

1983  Protocallianassa  patagonica  n.  sp.  Aguirre  Urreta,  p.  312,  pi.  1,  figs . f-j. 

19856  Protocallianassa  patagonica  Aguirre  Urreta,  pi.  2,  fig.  O. 

Material  and  localities.  The  holotype  (CPBA  1 1 139),  three  fragmentary  specimens  (CPBA  1 1667,  11138,  1 1670) 
from  locality  14,  and  two  right  chelae  (CPBA  11668-69)  from  locality  13. 

Description.  Ischium  rectangular,  twice  as  long  as  wide,  merus  smaller,  square.  Carpus  triangular,  with 
diagonal  articulation  with  palm.  Palmar  portion  of  propodus  square,  flattened,  external  surface  convex,  inner 
surface  flat.  Upper  margin  rounded,  lower  border  sharp,  acute.  All  described  limbs  evenly  ornamented  with 
very  small,  obtuse,  and  rounded  tubercles  and  pits.  Only  one  specimen  (CPBA  1 1667)  shows  a group  of  pits 
on  external  surface  near  the  articulation  with  the  dactylus.  There  are  at  least  12  small,  rounded  pits  with  the 
centre  elevated  like  a cudgel.  They  probably  represent  the  insertion  of  setae.  Fixed  finger  with  triangular  cross- 
section,  cutting  edge  with  sharp  tooth  and  carina,  dactylus  longer  than  pollex,  with  rounded  cross-section, 
without  tooth  and/or  carina. 

Remarks.  As  the  Patagonian  material  shows  all  the  characteristic  features  given  by  Mertin  (1941), 
it  is  placed  in  Protocallianassa  and  it  will  only  be  compared  with  Lower  Cretaceous  species  of  that 
genus  and  Callianassa.  P.  patagonica  differs  from  P.  infracretacea  (Tribolet)  by  the  lack  of  tooth  and 
carina  in  the  fixed  finger  of  the  latter  species  together  with  the  presence  of  a line  of  pits  in  the  inner 
border  of  the  palm,  which  probably  represented  the  insertion  of  setae  (Tribolet  1873-4,  p.  352,  pi. 
12,  fig.  1). 

In  P.  neocomiensis  (Woodward),  the  carpus  is  square  and  the  propodus  is  rectangular,  differing 
from  P.  patagonica  which  presents  a triangular  carpus  and  square  propodus.  The  former  species  has 
a tooth  on  the  cutting  edge  of  the  movable  finger,  and  not  on  the  pollex,  as  in  P.  patagonica 
(Woodward  1868,  pi.  2,  fig.  5). 

C.  peruviana  Rathbun  is  a very  small  species  (35  mm  length  of  cephalothorax  and  abdomen)  from 
the  Albian  of  Peru.  Apart  from  the  notable  difference  in  size,  C.  peruviana  can  readily  be  separated 
from  P.  patagonica  by  the  presence  of  spinules  in  the  inner  margin  of  the  palm,  which  continue  in 
the  fixed  finger,  the  pimple-like  ornament  of  the  outer  surface  of  the  palm,  and  the  variable 
development  of  teeth  on  the  cutting  edges  (Rathbun,  in  Knechtel  et  al.  1947,  p.  133,  pis.  48-50). 

P.  antarctica  (Taylor)  is  the  closest  species  geographically  and  stratigraphically.  It  can  be 
distinguished  from  P.  patagonica  by  its  long  fingers,  variable  toothing  of  the  fixed  finger  and 
presence  of  a carina,  in  both  fixed  and  movable  fingers  (Taylor  1979,  p.  20,  pi.  3,  figs.  e-g\  text-fig. 
9 a-c). 

Occurrence.  The  species  occurs  in  the  Rio  Mayer  Formation,  in  the  Colchidites  assemblage  zone  of  the  late 
Barremian  (Riccardi  1984,  Aguirre  Urreta  and  Klinger  1986). 


Subfamily  callianassinae  Dana,  1852 
Genus  callianassa  Leach,  1814 

Type  species.  Cancer  ( Astacus ) subterraneus  Montagu  1808,  by  original  designation. 

Diagnosis.  Callianassid  with  linea  thalassinica,  first  pereiopod  chelate,  heterochelous,  with 
subtriangular  carpus,  propodus  rectangular,  fingers  short  and  curved,  abdominal  pleura 
rudimentary.  (Slightly  modified  from  Glaessner  1969.) 
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Comments.  Callianassa  is  a very  common  fossil  in  Cretaceous-Tertiary  deposits  mostly  known  from 
its  first  pereiopods.  Recent  species  of  the  genus  are  widely  studied  because  of  their  fossorial  mode 
of  life  and  their  usual  association  with  burrows  and  systems  of  tunnels  in  near-shore  environments. 

Callianassa  is  difficult  to  separate  from  Protocallianassa  (see  above  and  also  Bishop  1986,  p.  330), 
but  it  is  easily  distinguished  from  the  other  genus  of  the  family,  Ctenocheles  Kishinouye,  which 
possesses  a very  inflated  palm  and  long,  slender  fingers,  with  comb-like  teeth  in  the  cutting  edges 
(Secreten  1964;  Glaessner  1969). 

Callianassa  has  been  recorded  from  Cretaceous  beds  of  Antarctica  (Ball  1960),  Brazil  (Beurlen 
1962),  Canada  (Feldmann  and  McPherson  1980),  Chile  (Forster  and  Stinnesbeck  1987),  Europe 
(Mertin  1941),  New  Zealand  (Glaessner  1960),  North  America  (Pilsbry,  1901;  Rathbun  1926a; 
1935;  Roberts  1962;  Beikirch  and  Feldmann  1980;  Bishop  1981),  Peru  (Knetchel  et  al.  1947)  and 
Argentina  (Bohm  1911;  Damborenea  et  al.  1979;  Aguirre  Urreta  19856;  text-figs.  21-22). 


Callianassa  meridionalis  Ball,  1960 
Plate  60,  figs.  5-1 1 

1960  Callianassa  meridionalis  Ball,  p.  15;  pi.  2,  figs.  3-5. 

19856  Callianassa  meridionalis  Ball;  Aguirre  Urreta,  pi.  2,  fig.  N. 

Material  and  localities.  External  impressions  of  two  right  and  one  left  chelae  (CPBA  14107)  from  locality  28 
(A.  Lopez  Angrimann  coll  );  five  pairs  (CPBA  14098,  14099  A-B,  14100,  14108);  three  right  chelae  (CPBA 
13915,  14102,  14105)  and  three  left  (CPBA  14101,  14103,  14104)  from  locality  27. 

Description.  Small,  strongly  heterochelous  callianassid.  Carpus  trapezoidal,  increasing  in  width  towards  distal 
end;  articulation  with  manus  straight.  Manus  subrectangular,  with  parallel  margins.  It  shows  allometric 
growth;  the  manus  becomes  more  square  as  width  increases  more  rapidly  than  length.  Same  growth  pattern 
in  fingers.  When  chelae  are  small  the  fingers  are  as  long  as  the  palm,  but  as  size  increases,  the  fingers  tend  to 
become  relatively  shorter. 

Inner  surface  flat  or  slightly  curved  on  the  middle;  upper  margin  acute,  narrow,  with  14-16  little  spines 
giving  the  impression  of  a serrated  border,  extending  on  base  of  fixed  finger.  Lower  margin  broadly  rounded 
with  a well  marked  ridge  on  the  proximity  of  carpus  that  disappears  towards  dactylus.  Lower  margin  bounded 
by  a row  of  7-8  tiny,  rounded  pits  on  both  inner  and  outer  surfaces.  The  latter  strongly  convex  and  smooth. 

Fixed  finger  short,  straight  with  triangular  cross-section;  one  very  small  tooth  near  the  base  on  cutting  edge. 
Dactylus  strong,  longer  than  pollex,  with  oval  cross-section,  tip  curved  to  meet  fixed  finger.  Surface  with 
scattered  pits. 

Remarks.  C.  meridionalis  Ball  shows  an  overall  resemblance  with  P.  patagonica , but  they  can  be 
differentiated  by  the  flattened  palm  of  the  former,  with  acute  and  serrated  outer  margins  and  lower 
margins  rounded  with  a ridge  (Ball  1960,  p.  15,  pi.  2,  figs.  3-5).  The  Antarctic  species  is  strongly 
heterochelous,  but  the  Patagonian  species  seems  to  have  chelae  of  more  or  less  the  same  size, 
although  no  pairs  of  claws  were  found. 

C.  meridionalis  Ball  differs  from  C.  burckhardti  Bohm  in  its  smaller  size,  narrow  palm,  smoother 
surface  without  tubercles,  flattened  inner  and  outer  surfaces,  and  triangular  fixed  finger  with  small 
tooth  (Ball  1960;  see  also  below). 

C.  symmetrica  Feldmann  and  Zinsmeister,  from  the  Eocene  of  Antarctica,  can  easily  be 
distinguished  from  C.  meridionalis  by  being  weakly  heterochelous,  with  large  and  subquadrate 
carpus,  triangular  dactylus  and  toothless,  sulcate  fixed  finger  (Feldmann  and  Zinsmeister  1984, 
p.  42,  fig.  2a-d). 

P.  cenomaniensis  (Milne-Edwards)  can  be  distinguished  from  the  Antarctic  species  by  the 
presence  of  a tooth  on  the  dactylus,  and  inner  and  outer  margins  of  palm  with  denticles  throughout 
(Milne-Edwards  1860,  p.  329,  pi.  14,  fig.  5-5a). 

Wetzel  (1930)  described  material  from  the  Quiriquina  Formation,  late  Cretaceous  of  southern 
Chile,  that  comprises  a carpus  with  outer  margin  rounded,  serrated  and  with  smooth  surface,  as  well 
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as  four  abdominal  segments  all  of  them  badly  preserved.  He  assigned  them  to  Callicmassa  sp.  ex  aflf. 
‘ d' ArchiacV . The  author  had  the  opportunity  to  examine  very  nicely  preserved  specimens  from  the 
same  locality  deposited  in  the  Museum  of  the  University  of  Concepcion,  Chile.  These  forms  can  be 
separated  from  C.  meridionalis  by  the  presence  of  a serrated  keel  in  the  fixed  finger,  a big  tubercle 
in  the  articulation  of  palm  and  dactylus,  and  the  serrated  outer  border  of  the  palm.  This  material 
has  recently  been  assigned  to  C.  saelosa  (Forster  and  Stinnesbeck  1987). 

A species  described  by  Glaessner  (1960,  p.  11,  pi.  2,  fig.  6)  from  the  Maastrichtian  of  New 
Zealand,  as  C.  waikurana  Glaessner,  can  be  differentiated  from  C.  meridionalis  by  the  subquadrate 
shape  of  the  palm,  strongly  convex  external  surface,  and  toothless  fixed  finger. 

Occurrence.  The  species  has  been  recorded  in  the  Campanian  beds  of  the  Santa  Marta  and  Lopez  de  Bertodano 
formations  of  eastern  Antarctica. 


Cal/ianassa  burckhardti  Bohm,  1911 

Plate  60,  figs.  12-17 

1911  Callianassa  burckhardti  Bohm,  p.  39,  1 text-fig. 

19856  Callianassa  burckhardti  Bohm;  Aguirre  Urreta,  pi.  2,  figs.  l-m. 

Material  and  localities.  The  holotype,  a left  palm  (MLP  10744)  from  locality  6,  two  left  and  two  right  palms 
(CPBA  6435  a-b;  6435  c-d)  from  the  cliffs  north  of  General  Roca  6'  (P.  Etchevehere  coll  );  seven  right  (CPBA 
6471  a-g)  and  five  left  palms  (CPBA  6471  h— 1),  and  two  carpus  (CPBA  6471  m-n)  from  locality  9 (P. 
Etchevehere  coll.),  two  right  (CPBA  14121  a-b),  two  left  palms  (CPBA  14121  d-e)  and  one  carpus  (CPBA 
14121  c)  from  locality  7 (V.  Ramos  coll.),  and  eight  left  (CPBA  14108  a-h)  and  two  right  palms  (CPBA  14108 
i-1)  from  an  unknown  locality  near  to  General  Roca  (locality  6). 

Description.  Medium  to  large  palms  of  callianassids.  Articulation  with  carpus  straight.  Carpus  large, 
subrectangular,  with  parallel  margins.  Cross-section  oval,  with  curved  outer  and  inner  surface,  margins  acute. 
Small  specimens  subrectangular,  longer  than  wide  (L/W:  El  1-1-37),  with  parallel  margins  and  oval  cross- 
section.  Large  specimens  with  square  palms,  with  oval  but  flattened  cross-section.  External  surface  rounded, 
ornamented  with  pits  evenly  spread  over  whole  surface.  On  the  internal  moulds  these  pits  appear  as  granules. 
Internal  surface  flattened,  smoother.  Inferior  margin  acute,  slightly  serrated.  Upper  margin  also  sharp,  narrow, 
with  at  least  8 small  spines  visible  on  well-preserved  specimens.  Fixed  finger  short,  with  triangular  cross- 
section;  two  lines  of  pits  bound  the  cutting  edge.  Dactylus  unknown,  but  its  base  is  large,  oval,  elevated,  with 
a collar  rim. 

Remarks.  C.  burckhardti  Bohm  is  characterized  by  its  large  square  palm,  although  small  specimens 
are  somewhat  subrectangular.  The  square  shape  is  believed  to  be  the  result  of  allometric  growth, 
better  shown  by  the  pairs  of  C.  meridionalis  Ball  (see  above).  Both  left  and  right  palms  are 
indistinctively  big  or  small,  so  size-related  shape  differences  are  unlikely. 

C.  waikurana  Glaessner,  from  the  Maastrichtian  of  New  Zealand  differs  from  C.  burckhardti  by 


EXPLANATION  OF  PLATE  60 

Figs.  1-4.  ProtocalUanassa  patagonica  Aguirre  Urreta.  1,  lateral  view  of  holotype,  CPBA  11139,  locality  14. 
2-3,  lateral  views  of  two  specimens,  CPBA  11668a  1 1669,  locality  13.  4,  detail  of  ornament  of  external 
surface,  CPBA  11667.  locality  14. 

Figs.  5-1 1.  Callianassa  meridionalis  Ball.  5-6,  two  lateral  views  of  pairs  of  chelae,  CPBA  14102,  14104.  7,  small 
right  chelae,  CPBA  14105.  8,  lateral  view  of  a pair  of  chelae,  CPBA  14101.  9a-b-10,  lateral  views  of  pairs 
of  chelae,  CPBA  14099a-b,  13915.  1 1,  lateral  view  of  a pair  of  chelae,  CPBA  14098,  locality  27. 

Figs.  12-  17.  Callianassa  burckhardti  Bohm.  12a-b.  two  lateral  views  of  holotype,  MLP  10744,  locality  6.  13, 
internal  view  of  left  chelae,  CPBA  141 08f.  14a-c,  outer,  inferior  and  internal  views  of  CPBA  14108a.  15a-c, 
internal,  upper  and  outer  views  of  CPBA  14108b.  16-17,  lateral  views  of  CPBA  14121a-b,  locality  7.  18-19, 
Ichnogenus  Thalassinoides,  associated  with  specimens  illustrated  in  figures  16-17,  locality  7.  All  figures  x 1. 
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its  smaller  size,  smooth  external  surface  and  carinate  lower  margin  (Glaessner  1960,  p.  1 1,  pi.  2, 
fig.  6). 

The  carpus  described  by  Wetzel  (1930)  as  Callianassa  sp.  ex.  aflf.  ‘ d' Arcliiaci'  from  the  late 
Cretaceous  of  Quiriquina,  southern  Chile,  although  not  illustrated,  differs  from  the  carpus  of 
C.  burckhardti  by  its  serrated  outer  margin,  in  comparison  with  the  acute,  sharp  but  smooth  margin 
of  the  latter  species.  Material  from  the  same  localities,  recently  assigned  to  C.  saetosa  (Forster  and 
Stinnesbeck  1987,  p.  53,  pis.  1-2,  pi.  3,  fig.  6,  text-figs.  2-3)  can  be  distinguished  from  C.  burckhardti 
by  its  rectangular  propodus,  presence  of  tooth  in  fixed  finger  and  smaller  carpus. 

Occurrence.  C.  burckhardti  Bohm  has  been  recorded  from  both  Maastrichtian  and  Danian  levels  in  the 
Neuquen  Basin.  In  one  locality  (Mina  Ranqueles,  Ramos  1981),  the  specimens  are  associated  with  trace  fossils 
here  assigned  to  Thalassinoides  sp. 


Ichnogenus  thalassinoides  Ehrenberg,  1944 
Plate  60,  tigs.  18  and  19 

Material  and  locality.  Several  fragments  of  the  burrow  system  were  recovered  from  the  Roca  Formation,  level 
III  of  locality  7 (V.  Ramos  coll.). 

Description.  Vertical  to  subvertical  cylindrical  burrows,  transverse  to  bedding,  straight  to  slightly  sinuous, 
1 5-30  mm  in  diameter.  Cross-sections  vary  from  almost  circular  to  oval.  Outer  surface  smooth  or  covered  with 
low  mounds  (plate  60,  fig.  19).  Y-shaped  bifurcations  are  common,  swollen  at  point  of  branching  (plate  60, 
fig.  18). 

In  thin  sections,  the  burrow  filling  consists  of  foraminifers,  mostly  agglutinated  forms,  without  planktonic 
elements  (Malumian,  pers.  comm.  1986),  small  gastropods,  spines  and  debris  of  echinoids,  bivalve  fragments 
and  indeterminate  shell  debris.  The  clasts  are  subangular  and  strongly  fragmented,  cemented  with  calcite.  In 
the  thin  sections  studied,  no  lining  is  visible,  only  a micritic  to  subsparitic  carbonate  cement  forms  an  external 
coating  to  the  clastic  filling.  The  burrows  were  apparently  filled  mechanically  and  the  cement  was  formed  later 
by  partial  dissolution  of  the  carbonate  material. 

Remarks.  Unfortunately,  as  is  usually  the  case,  no  remains  of  C.  burkhardti  Bohm  were  found  inside 
the  burrow  system.  Both  are  associated  in  the  same  levels  at  locality  7 (Ramos  1981). 

After  reading  the  extensive  bibliography  presently  available  (e.g.  Kennedy  1967;  Fursich  1973; 
Frey  1975;  Frey  et  al.  1978;  Hantzchel  1975;  Pemberton  et  a/.  1984,  among  many  others),  the 
author  finally  decided  to  assign  these  burrows  to  the  ichnogenus  Thalassinoides , although  the  main 
problem  of  placing  the  trace  fossil  was  that  it  shows  some  features  of  both  Thalassinoides  and 
Ophiomorpha  Lundgren,  1981.  As  far  as  the  author  knows,  vertical  systems  are  more  common  in 
Ophiomorpha , but  the  smooth  walls  are  typical  of  Thalassinoides.  In  any  case,  although  I agree  with 
Fursich  (1973)  in  the  difficulty  of  separating  these  ichnogenera,  especially  when  intermediate  and 
gradational  forms  are  known,  I adhere  to  the  amended  diagnosis  of  Thalassinoides  given  by 
Kennedy  (1967,  p.  132)  which  included  both  vertical  and  horizontal  elements. 

Comparison  with  the  most  common  species  of  that  ichnogenus  shows  differences,  mainly  in  the 
predominance  in  the  system  described  here,  of  vertical  to  subvertical  elements,  in  contrast  with  the 
dominance  of  horizontal  tunnels  in  T.  saxonicus  (Geinitz),  T.  suevicus  (Rieth),  and  T.  paradoxica 
(Woodward). 

Occurrence.  The  trace  fossils  are  associated  with  C.  burckhardti  Bohm,  Baculites  sp.,  Eubaculites  sp., 
Pterotrigonia  windhauseniana  (Wilckens),  Pacitrigonia  patagonica  Feruglio,  and  Gryphaeostrea  callophyla 
(Ihering).  The  fossil  assemblage  indicates  a middle  Maastrichtian  age  (Ramos  1981). 


PALAEOBIOGEOGRAPHIC  COMMENTS 

A series  of  four  palaeogeographic  reconstructions  (text-figs.  20-23)  shows  the  geographical 
distribution  of  the  genera  studied  here  from  the  Jurassic  to  early  Tertiary  times.  Note  that  only  one 
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text-fig.  20.  Palaeogeographic  reconstruction  showing  the  distribution  of  different  genera  during  the  Jurassic. 

Base  map  from  Smith  and  Briden  (1977)  at  160  m.y.  b.p.  (Oxfordian). 

of  them,  Meyerella,  is  exclusively  Cretaceous.  Another  ( Protocallianassa ) is  nearly  restricted  to  that 
period.  The  rest  can  be  separated  in  two  groups:  one  with  a previous  history  in  the  Jurassic  ( Eryma , 
Palaeastacus , Glyphea),  and  the  other  with  representatives  in  the  Tertiary  ( Enoploclytia , Hoploparia , 
Callianassa). 

In  the  reconstruction  of  the  Jurassic  the  world-wide  distribution  of  Eryma , the  root  stock  of 
Palaeastacus  and  Enoploclytia , is  evident,  while  in  the  Cretaceous  Eryma  tends  to  diminish  in 
distribution  and  dies  out  by  the  end  of  the  period.  Palaeastacus  is  geographically  restricted  in  the 
Jurassic  and  becomes  more  widespread  in  Cretaceous  times.  As  interpreted  here,  Enoploclytia  is  a 
genus  mostly  confined  to  the  Cretaceous,  with  few  representatives  in  the  early  Tertiary  of  North 
America. 

Hoploparia  flourished  in  the  Cretaceous  and  continued  to  evolve  in  the  early  Tertiary,  giving 
place  to  Homarus , a genus  that  is  presently  represented  by  few  species.  I think  that  the  Cretaceous 
was  a time  of  competition  between  nephropids  and  erymids,  both  filling  similar  ecologic  niches,  with 
a decline  of  the  erymids  which  nearly  disappeared  by  the  end  of  the  Cretaceous.  During  the  Tertiary 
competition  with  the  Brachyura  caused  the  nephropids,  in  turn,  to  be  reduced  (Glaessner  1969). 

As  happens  with  Eryma , Glyphea  is  a very  common  Jurassic  genus  (poorly  known  in  South 
America  except  for  one  record,  Damborenea  and  Mancenido  1987)  that  declined  in  the  Cretaceous, 
a trend  which  affected  the  whole  family,  as  the  Glypheidae  nearly  died  out  in  the  Eocene  and  are 
presently  known  by  the  ‘living  fossil’  Neoglyphea  inopinata. 
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text-fig.  21.  Palaeogeographic  reconstruction  showing  the  distribution  of  different  genera  during  the  early 
Cretaceous.  Base  map  from  Smith  and  Briden  (1977)  at  120  m.y.  b.p.  (Barremian-Aptian  boundary). 

Meyerella  is  poorly  known  up  to  now  and  is  most  probably  restricted  to  the  early  Cretaceous.  As 
interpreted  here,  both  Protocallianassa  and  Callianassa  are  known  in  Cretaceous  rocks,  the  former 
nearly  disappearing  at  the  Cretaceous-Tertiary  boundary.  Callianassa , as  a result  of  its  particular 
mode  of  life,  survived  to  the  present,  with  a limited  ecological  niche  (Glaessner  1957),  but  with  a 
cosmopolitan  distribution. 

CONCLUDING  REMARKS 

The  main  conclusions  of  this  study  can  be  summarized  as  follows. 

Sixteen  species  of  fossil  decapod  crustaceans  have  been  identified  from  Cretaceous  rocks  of 
Argentinian  basins.  They  are  representative  of  six  families  and  their  age  ranges  from 
Berriasian-early  Valanginian  to  Maastrichtian-Danian  (Tertiary). 

Three  different  broad  assemblages  can  be  differentiated : ( a ) a Neocoinian  association  mainly 
composed  of  Glypheidae  and  Mecochiridae  from  the  Neuquen  Basin;  (b)  a late  lower  Cretaceous 
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text-fig.  22.  Palaeogeographic  reconstruction  showing  the  distribution  of  different  genera  during  the  late 
Cretaceous.  Base  map  from  Smith  and  Briden  (1977)  at  80  m.y.  b.p.  (Middle  Campanian). 

(s.l.)  assemblage  represented  by  the  Erymidae,  which  occurs  in  the  Austral  Basin,  (c)  a late 
Cretaceous  one,  dominated  by  nephropids  and  callianassids;  partially  represented  in  the  Neuquen, 
Austral  and  eastern  Antarctic  Basins. 

The  affinities  of  the  species  described  are  nearly  world-wide,  not  restricted  to  the  Caucasic  Indo- 
Pacific,  as  is  true  of  most  of  the  associated  ammonite  fauna. 

No  brachyuran  decapods  are  presently  known  from  Cretaceous  rocks  of  southern  South  America 
and  Antarctica,  in  sharp  contrast  to  the  dominantly  brachyuran  assemblages  of  the  late  Cretaceous 
of  North  America.  However,  I believe  that  this  is  partly  due  to  collection  failure. 

With  the  exception  of  specimens  of  Palaeastacus  terraereginae  and  Callianassa  burckliardti , the 
latter  (and  probably  the  former)  being  associated  with  trace  fossils,  most  of  the  species  and 
specimens  described  here  were  recovered  from  calcareous  nodules.  They  indicate  an  off-shore,  low 
energy  environment,  with  quiet  sedimentation  and  anaerobic  conditions.  I consider  their  presence 
in  that  environment  as  allochthonous,  with  probable  transport  from  littoral  to  sublittoral  zones. 
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text-fig.  23.  Palaeogeographic  reconstruction  showing  the  distribution  of  different  genera  during  the  early 
Tertiary.  Base  map  from  Smith  and  Briden  (1977)  at  40  m.y.  b.p.  (late  Eocene). 


Some  of  them  also  represent  moulted  skeletons.  It  is  worth  noting  here  that  other  benthic  fauna  is 
almost  absent,  as  can  be  seen  from  the  associated  fauna  given  in  the  list  of  fossil  localities. 

The  diversity  of  fossil  decapod  crustaceans  recognized,  as  well  as  their  wide  geographic  and 
stratigraphic  distribution  in  the  Argentinian  Cretaceous  basins,  promote  them  as  one  of  the  most 
important  decapod  assemblages  of  the  Southern  Hemisphere. 
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AGNOSTID  TRILOBITES  FROM  THE  LOWER 
ORDOVICIAN  KOMSTAD  LIMESTONE  FORMATION 
OF  KILLEROD,  SCANIA,  SWEDEN 

by  PER  AHLBERG 


Abstract.  Geragnostus  tullbergi  (Novak  1883),  G.  cf.  ingricus  (Schmidt  1894),  Arthrorhachis  lentiformis 
(Angelin  1851)?,  and  Oculagnostus  frici  (Holub  1908a)  are  described  from  the  Lower  Ordovician  Komstad 
Limestone  Formation  at  Killerod,  south-east  Scania  (Skane),  southern  Sweden.  Geragnostella  is  a subjective 
junior  synonym  of  Geragnostus.  Conodonts  and  associated  polymerid  trilobites  suggest  the  strata  yielding  these 
agnostids  correlate  with  the  Asaphus  expansus  Zone  or  basal  A.  ‘ raniceps ’ Zone  of  the  lower  Kunda  Stage 
(uppermost  Arenig  or  lowermost  Llanvirn). 

Agnostid  trilobites  ranged  from  late  early  Cambrian  to  late  Ordovician  (pre-Hirnantian  Ashgill). 
They  reached  a maximum  diversity  during  the  Middle  Cambrian  and  early  Upper  Cambrian,  and 
they  are  among  the  most  significant  faunal  elements  in  Cambrian  biostratigraphy.  Because  of  their 
abundance,  wide  geographic  distribution,  and  relatively  rapid  evolution,  they  afford  the  best  means 
of  correlating  Cambrian  strata,  especially  sequences  of  oceanic  and  open-shelf  facies  (e.g.  Robison 
et  al.  1977;  Rowell  et  at.  1982).  The  value  of  agnostids  as  stratigraphical  indicators  in  the  Middle 
Cambrian  was  well  demonstrated  by  Westergard  (1946),  Robison  (1964,  1984)  and  Opik  (1961, 
1979).  The  biostratigraphical  potential  of  Upper  Cambrian  agnostids  was  discussed  by  Shergold 
(1981). 

Agnostid  trilobites  are  frequently  encountered  in  Ordovician  rocks,  and  a number  of  species 
appear  to  have  good  biostratigraphic  potential.  In  the  Ordovician  of  Scandinavia,  agnostids  are 
generally  rare,  but  they  are  known  to  range  up  to  the  base  of  the  Hirnantian  (see  e.g.  Olin  1906; 
Kielan  1960;  Nilsson  1977;  Owen  1981).  In  certain  beds  in  the  Scandinavian  Ordovician,  however, 
agnostids  are  comparatively  common,  notably  in  the  Arenigian  Megistaspis  planilimbata  Zone  at 
Lanna  in  Narke,  south-central  Sweden  (Wiman  1905;  Tjernvik  1956)  and  in  the  Ashgillian  Jonstorp 
Formation  and  correlative  strata  (Linnarsson  1869;  Olin  1906;  Kielan  1960;  Bergstrom  1973).  In 
addition,  the  late  Johan  Gunnar  Andersson  (1874-1960),  a famous  Swedish  geologist  and 
archaeologist,  assembled  a large  collection  of  well-preserved  and  stratigraphically  important 
agnostids  together  with  a variety  of  other  trilobites  from  the  Lower  Ordovician  Komstad  Limestone 
Formation  at  Killerod,  south-east  Scania  (Skane),  southern  Sweden  (text-fig.  1)-  The  material, 
henceforth  referred  to  as  the  J.G.A.  collection,  was  probably  collected  around  the  turn  of  the 
century.  The  agnostids  of  the  J.G.A.  collection  form  the  basis  of  this  paper. 


GEOLOGICAL  SETTING 

The  name  Komstad  Limestone  Formation  was  established  by  Jaanusson  (1960,  p.  300)  for  a 
sequence  of  limestones  between  the  Arenigian  Toyen  Shale  (formerly  Lower  Didymograptus  Shale) 
and  the  Llanvirnian  Upper  Didymograptus  Shale  in  Scania  (text-fig.  2).  The  formation  may  be 
considered  as  a thin  tongue  of  the  ‘orthoceratite  limestone’  of  other  Palaeozoic  districts  of  Sweden, 
and  it  was  previously  called  the  Orthoceras,  'orthoceratite’,  or  Limbata  Limestone.  It  is  widely 
distributed  in  Scania  and  on  Bornholm,  Denmark,  and  consists  mainly  of  a grey  to  black  calcilutite 
with  abundant  skeletal  fragments  (Hadding  1958,  pp.  177-181). 
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text-fig.  I . Map  of  Scania  showing  the  location  of  Killerod  and  the 
extent  of  Ordovician  rocks  in  the  bedrock  surface. 


The  stratigraphy  and  faunas  of  the  Komstad  Limestone  have  been  studied  intermittently  since  the 
middle  of  the  nineteenth  century  (e.g.  Angelin  1851,  1854;  Funkquist  1919;  Ekstrom  1937).  Regnell 
(I960)  and  Bergstrom  (1982)  summarized  the  stratigraphy  and  palaeontological  characteristics  of 
the  formation  as  known  at  the  time.  A recent  detailed  account  is  that  of  Nielsen  (1985),  who  also 
reviewed  the  history  of  earlier  geological  work.  Biostratigraphic  studies  have  demonstrated  that  in 
Scania  the  Komstad  Limestone  can  be  assigned  to  the  zones  of  Megistaspis  simon,  M.  limbata,  and 
Asaphus  expansus  of  the  Volkhov  and  basal  Kunda  Stages  (Nielsen  1985;  text-fig.  2 herein;  see 
Jaanusson  1982,  fig.  4 for  stratigraphy).  It  must  also  be  emphasized  that  a fauna  suggesting  a 
correlation  with  the  overlying  Asaphus  ‘ raniceps ' Zone  has  recently  been  obtained  from  the 
uppermost  beds  of  the  formation  at  Killerod,  south-east  Scania  (Arne  Thorshoj  Nielsen, 
Copenhagen,  written  communication  October  1986). 

The  agnostid  trilobites  described  in  this  paper  were  collected  near  an  abandoned  quarry  at 
Killerod,  about  14  km  west  of  Simrishamn  (text-fig.  1 ).  The  quarry  (national  grid  reference  X 61616 
Y 13944)  corresponds  to  locality  2 of  Regnell  (1960,  fig.  4)  and  has  been  briefly  described  by 
Bergstrom  ( 1982,  p.  193).  Material  was  collected  from  a section  (J.G.  A.  coll,  in  situ)  and  from  seven 
boulders  (J.G.  A.  coll,  boulders  1-7).  J.G. Andersson  took  great  care  to  label  the  fossils  according 
to  the  boulder  from  which  they  were  collected.  Boulders  1-6  are  labelled  ‘Killerod’.  Outcrop 
material  and  boulder  7 are  labelled  ‘Killerods  kanal'.  Kanal  is  the  Swedish  word  for  drainage  ditch, 
and  it  is  likely  that  the  fossils  labelled  Killerods  kanal  were  recovered  from  a locality  adjacent  to 
the  ditch  running  in  a NNE-SSW  direction  east  of  the  quarry  (see  Regnell  1960,  fig.  4).  No  details 
are  known  as  to  where  the  fossils  labelled  Killerod  were  found.  Faunal  evidence,  however,  indicates 
that  all  material  was  collected  from  about  the  same  stratigraphic  position  in  the  uppermost  part  of 
the  Komstad  Limestone  (see  below). 
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text-fig.  2.  Simplified  stratigraphic  column  of  the  Komstad  Limestone 
Formation  in  the  Killerod  area,  south-east  Scania.  Mainly  after  Nielsen  (1985 
and  written  communication  October  1986). 


AGE  OF  THE  FAUNA 

The  agnostid  trilobites  include  the  following  taxa:  Geragnostus  tullbergi  (Novak  1883),  G.  cf. 
ingricus  (Schmidt  1894),  Arthrorhachis  lentiformis  (Angelin  1851)7,  and  Oculagnostus  frici  (Holub 
1908<3).  The  associated  fauna  is  dominated  by  diverse  polymerid  trilobites,  of  which  the  following 
are  common  to  abundant : Pterygometopus  sclerops  (Dalman  1827),  Raymondaspis  limbata  (Angelin 
1854),  and  Celmus  cf.  granulatus  Angelin  1854.  Other  less  common  or  rare  trilobites  are 
Trimicleoides  cf.  praecursor  (Poulsen  1965),  Asaphus  sp.,  Nileus  sp.,  Ampvx  sp.,  in  addition  to 
pliomerid,  remopleuridid,  and  cybelid  trilobites.  The  composition  of  the  trilobite  fauna  is  closely 
comparable  to  that  of  the  Volkhovian  Skelbro  Limestone  fauna  on  Bornholm,  Denmark  (Poulsen 
1965).  However,  the  record  of  Pterygometopus  sclerops  and  Asaphus  sp.  suggests  that  it  is  younger. 
In  Baltoscandia,  P.  sclerops  is  largely  restricted  to  the  Asaphus  expansus  Zone  of  the  basal  Kunda 
Stage.  It  appears,  however,  to  range  into  the  overlying  Asaphus  ‘ raniceps ’ Zone  (Tjernvik  and 
Johansson  1980,  p.  195).  Asaphus  sp.  is  probably  conspecific  with  a new  and  undescribed  asaphid 
from  the  uppermost  part  of  the  Komstad  Limestone.  At  Killerod  this  new  asaphid  is  confined  to 
strata  correlative  with  the  Asaphus  ‘ raniceps ’ Zone  (Arne  Thorshoj  Nielsen,  Copenhagen,  written 
communication  October  1986).  Thus,  the  trilobite  assemblage  suggests  equivalence  with  the 
Asaphus  expansus  or  more  probably  the  basal  Asaphus  ‘ raniceps ’ Zone,  and  it  is  very  likely  that 
the  fauna  was  recovered  from  the  uppermost  part  of  the  Komstad  Limestone  Formation  (cf.  text- 
fig.  2). 

The  trilobite-based  correlation  is  broadly  supported  by  conodonts  recovered  from  outcrop 
material,  boulder  1,  and  boulder  6 of  the  J.G.  A.  collection.  These  have  been  examined  by  Dr  Anita 
Lofgren,  Lund  University.  Outcrop  material  and  boulder  6 yielded  Baltoniodus  prevariabilis  medius 
and  Eoplacognathus ? variabilis.  This  combination  is  characteristic  of  the  E.  ? variabilis  Zone 
(excluding  its  lowermost  part  where  B.  p.  norrlandicus  prevails)  in  the  conodont  zonal  scheme 
(Lofgren  1978,  1985).  Boulder  1 yielded  Scalpellodus  gracilis  which  is  present  in  beds  from  the 
E. ? variabilis  Zone  and  slightly  younger  beds  (Lofgren  1978,  1985).  Thus,  the  conodonts  are 
indicative  of  the  upper  part  of  the  Asaphus  expansus  Zone  or  the  A.  ‘ raniceps ' Zone  in  the  trilobite 
zonation  (see  Lofgren  1985). 
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In  conclusion,  the  polymerid  trilobites  and  conodonts  together  indicate  an  early  Kundan  age 
(latest  Arenig  or  earliest  Llanvirn)  for  the  agnostid  trilobites  described  in  this  paper.  The  occurrence 
of  Geragnostus  tullbergi  (Novak  1883)  and  Oculagnostus  frici  (Holub  1908a)  in  southern  Sweden  is 
a further  indication  for  correlation  of  the  Sarka  Formation  of  Bohemia  with  the  Kunda  Stage  of 
Baltoscandia. 

The  Arenigian  and  Llanvirnian  trilobite  faunas  of  Baltoscandia  and  Bohemia  belong  to  different 
biogeographical  provinces  (Whittington  1963,  1966;  Whittington  and  Hughes  1972;  Jaanusson 
1979),  and  polymerid  trilobites  of  these  two  regions  have  very  little  in  common.  The  occurrence  of 
identical  agnostid  species  in  Scania  and  Bohemia  indicates  that,  as  in  the  Cambrian,  distribution  of 
Ordovician  agnostids  may  have  been  largely  independent  of  the  biogeographical  differentiation  of 
the  benthic  faunas.  In  this  case,  agnostids  may  prove  to  represent  a potentially  important  group  for 
correlation  between  various  Ordovician  biogeographical  provinces. 

SYSTEMATIC  PALAEONTOLOGY 

Terminology.  The  morphological  terms  used  in  this  paper  are  basically  those  defined  by  Harrington  et  al.  (in 
Moore  1959,  pp.  0117-0126).  Additional  terms  for  agnostid  features  have  been  defined  by  Opik  (1963,  pp. 
30-32,  1967,  pp.  52-62,  fig.  15),  Robison  (1964,  pp.  515-516,  text-fig.  3,  1982,  pp.  134-135,  text-fig.  2),  and 
Shergold  (1975,  pp.  39^14,  figs.  14-15).  Rhachis  is  used  instead  of  axis  and  dorsal  furrow  instead  of  axial  furrow. 
The  glabella  is  taken  to  exclude  the  basal  lobes  and  the  occipital  band.  Acrolobe  is  used  in  the  sense  of  Opik 
(1967,  p.  53).  The  terminology  of  the  furrows  and  lobes  on  the  glabella  and  the  pygidial  rhachis  follows 
Robison  (1982).  Thus,  the  furrows  are  designated  FI,  F2,  and  F3,  and  the  corresponding  lobes  Ml,  M2,  and 
M3,  counting  from  either  the  posterior  of  the  glabella  or  the  anterior  of  the  pygidium.  All  descriptions  refer 
to  features  of  the  external  surface  of  the  exoskeleton  unless  specifically  stated  otherwise.  The  symbols 
amplifying  the  information  included  in  the  synonymy  lists  are  explained  by  Matthews  (1973,  pp.  717-718). 

Measurements.  Measurements  were  made  with  a micrometer  eyepiece  fitted  in  a binocular  microscope.  The 
accuracy  for  all  measurements  is  to  0 05  mm.  The  following  symbols  have  been  used  for  measured  parameters 
(cf.  Shergold  1975,  pp.  47-48). 

Lc  maximum  length  (sag.)  of  cephalon 

Lbc  length  (sag.)  of  cephalic  border  (inch  border  furrow) 

Lac  length  (sag.)  of  cephalic  acrolobe 
G length  (sag.)  of  glabella 

N distance  (sag.)  from  rear  of  glabella  to  high  spot  of  median  node 
Wc  maximum  width  (tr.)  of  cephalon 
Wg  maximum  width  (tr.)  of  glabella 

Lpj  maximum  length  (sag.)  of  pygidium,  including  articulating  half-ring 
Lp2  length  (sag.)  of  pygidium,  excluding  articulating  half-ring 
Lr  length  (sag.)  of  pygidial  rhachis,  excluding  articulating  half-ring 
Lbp  length  (sag.)  of  the  posterior  pygidial  border  (inch  border  furrow) 

Wp  maximum  width  (tr.)  of  pygidium 
Wr  maximum  width  (tr.)  of  pygidial  rhachis 

Repository.  All  illustrated  specimens  are  deposited  in  the  type  collections  of  the  Geological  Survey  of  Sweden 
( Sveriges  geo/ogiska  undersokning , SGU),  Uppsala,  Sweden. 


Family  metagnostidae  Jaekel,  1909 
Genus  geragnostus  Howell,  1935 

Type  species.  Agnostus  sidenbladhi  Linnarsson  1869  (pp.  82-83,  pi.  2,  figs.  60-61),  from  the  upper  Tremadocian 
Ceratopyge  Limestone  ( Apatokephalus  serratus  Biozone)  at  Mossebo,  Hunneberg,  Vastergotland,  south- 
central  Sweden;  by  original  designation. 

Remarks.  The  concept  of  Geragnostus  has  been  discussed  extensively  in  the  literature  (e.g.  Palmer 
1954,  p.  719,  1955,  p.  88,  1968,  p.  B23 ; Whittington  1963,  p.  28;  Whittard  1966,  p.  265;  Dean  1966, 
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pp.  273-274;  Ross  1967,  p.  D8;  Koroleva  1982,  p.  17).  Its  characteristics  are  well  shown  and 
summarized  by  Fortey  (1980),  and  his  interpretation  of  the  genus  and  its  referral  to  the 
Metagnostidae  are  largely  followed  here.  The  problems  of  generic  discrimination  between 
Geragnostella , Geragnostus , and  Arthrorhachis  are  discussed  below. 

Kobayashi  (1939,  p.  171)  proposed  Geragnostella  as  a new  subgenus  of  Geragnostus  and 
designated  Agnostus  tullbergi  Novak,  1883  as  its  type  species.  It  was  established  to  include  species 
without  a transverse  furrow  on  the  glabella  and  an  effaced  posterior  rhachial  lobe  on  the  pygidium. 
Subsequently,  Whittard  (1955,  p.  7)  considered  Geragnostella  as  a separate  genus.  Since  then, 
arguments  both  for  (Dean  1966,  p.  273 ; Zhou  and  Dean  1986,  p.  748)  and  against  (Howell  in  Moore 
1959;  Pek  1977,  pp.  12-13)  suppression  of  Geragnostella  have  been  presented. 

Pek  ( 1977)  diagnosed  Geragnostella  and  noted  the  morphological  differences  between  Geragnostus 
sidenbladhi  and  Geragnostella  tullbergi.  According  to  him,  G.  sidenbladhi  differs  from  G.  tullbergi  by 
having  a transverse  glabellar  furrow,  a wider  border,  and  a shorter  posterior  rhachial  lobe  on  the 
pygidium.  It  is  clear  that  the  length  of  the  posterior  rhachial  lobe  is  a variable  feature  in  many 
agnostids  (cf.  Fortey  1980,  p.  26;  Hunt  1967,  pi.  22,  figs.  27,  29),  and  in  Geragnostella  it  closely 
approaches  the  range  of  variation  seen  in  Geragnostus.  In  addition,  a short  transverse  furrow  or 
depression  immediately  in  front  of  the  glabellar  node  is  present  in  G.  tullbergi  and  it  corresponds 
to  the  glabellar  furrow  in  G.  sidenbladhi.  Apparently,  the  differences  between  the  two  genera  can 
only  effectively  be  applied  to  the  type  species,  and  I conclude  that  the  supposedly  definitive 
characteristics  of  Geragnostella  intergrade  among  the  large  number  of  species  now  known  which 
have  been  referred  to  Geragnostus.  Thus,  I concur  with  Dean  (1966)  and  regard  Geragnostella  as  a 
subjective  junior  synonym  of  Geragnostus. 

Geragnostus  bears  a strong  similarity  to  Arthrorhachis  Hawle  and  Corda,  1847,  and  obviously  they 
are  closely  related.  The  discrimination  between  the  two  genera  is  a persistent  problem  which  has 
been  tackled  by  several  authors  over  the  past  30  years,  in  particular  by  Ross  (1967),  Dean  (1966), 
and  Fortey  (1980).  Species  with  a long  pygidial  rhachis  and  a median  transglabellar  furrow  are 
generally  referred  to  Geragnostus , whereas  species  with  a short  pygidial  rhachis  and  an  effaced 
transglabellar  furrow  are  referred  to  Arthrorhachis.  As  noted  by  Fortey  (1980,  p.  26),  however,  these 
characters  are  variable,  even  within  some  populations,  and  the  characteristics  of  the  two  genera 
intergrade.  Fortey  (1980)  gave  an  extensive  review  of  the  problems  involved,  and  suggested  that 
forms  with  the  terminal  lobe  of  the  pygidial  rhachis  exceeding  the  length  of  the  postrhachial  region 
(sag.)  inside  the  border  should  be  assigned  to  Geragnostus.  In  the  type  species,  G.  sidenbladhi , 
however,  the  terminal  lobe  of  the  pygidial  rhachis  may  be  shorter  than  the  postrhachial  region  inside 
the  border.  This  is  evident  in  a topotype  pygidium  (SGU  Type  25),  which,  according  to  the  label, 
is  probably  one  of  the  two  syntypes  figured  by  Linnarsson  (1869,  pi.  2,  fig.  61 ; cf.  Moberg  and 
Segerberg  1906,  pi.  4,  fig.  1).  Therefore,  I conclude  that  the  relative  length  of  the  pygidial  rhachis 
has  been  accorded  undue  generic  significance,  and  Geragnostus  may  eventually  prove  to  be  a junior 
subjective  synonym  of  Arthrorhachis  (cf.  Dean  1966;  Zhou  and  Dean  1986,  p.  748).  For  the  time 
being,  however,  the  much-used  name  Geragnostus  is  retained  until  the  type  species  is  thoroughly 
redescribed. 

Geragnostus  is  a cosmopolitan  genus  with  a great  number  of  named  species.  As  noted  by  several 
authors  (e.g.  Zhou  and  Dean  1986),  many  of  these  are  exceedingly  alike  and  distinguishable  only 
on  the  basis  of  minor  characters,  which  may  be  of  questionable  taxonomic  value.  Thus,  a number 
of  species  that  have  been  assigned  to  Geragnostus  may  prove  to  be  synonymous.  This  uncertainty 
affects  the  validity  of  e.g.  the  Llanvirnian  species  G.  clusus  Whittington  1963,  G.  symmetricus  Zhou 
(in  Zhou  et  al.  1982),  and  G.  hadros  Wandas  1984,  all  of  which  may  be  conspecific  with  G.  longicollis 
(Raymond  1925). 

Geragnostus  tullbergi  (Novak  1883) 

Plate  61,  figs.  1-15;  Plate  62,  figs.  1-3 

*1883  Agnostus  tullbergi  Nov.;  Novak,  pp.  59-60,  pi.  9,  figs.  7-10. 
v?1919  Agnostus  cf.  lentiformis  Ang.;  Funkquist,  pi.  2,  fig.  7. 
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71972  Geragnostus  sp.;  Gil  Cid,  pi.  1,  fig.  5. 

1973(7  Geragnostus  semipolitus  Dean,  pp.  287-288,  pi.  1,  figs.  2,  4,  5,  7-12,  14,  16,  17. 

. 1977  Geragnostella  tullbergi  (Novak);  Pek,  pp.  13-14,  text-fig.  4,  pi.  2,  figs.  1-4,  pi.  3,  figs.  1, 2,  4,  6, 
pi.  4,  fig.  4,  pi.  8.  figs.  5 and  6,  pi.  9,  fig.  4,  pi.  10,  figs.  1 and  2 [further  synonymy], 

71985  Geragnostella  gilcidae  Rabano  et  a/.,  p.  441,  pi.  1,  figs.  2,  6,  8,  9. 

Neotype.  An  incomplete  pygidium  with  two  articulated  thoracic  tergites,  figured  and  selected  by  Pek  (1977,  pi. 
3,  fig.  6).  It  is  preserved  in  the  type  collections  of  the  Municipal  Museum  of  Rokycany,  Czechoslovakia,  as  No. 
1-356. 


Type  stratum.  Sarka  Formation,  Llanvirn. 

Type  locality.  Osek  near  Rokycany,  Czechoslovakia. 

Material.  27  complete  or  nearly  complete  cephala,  5 fragmentary  cephala,  18  complete  or  nearly  complete 
pygidia,  and  6 fragmentary  pygidia. 

Diagnosis.  A species  of  Geragnostus  characterized  by  a wide  pygidial  border  without  postero-lateral 
spines,  partial  efTacement  of  the  posterior  lobe  of  the  pygidial  rhachis,  and  an  almost  obliterated 
furrow  in  front  of  the  median  glabellar  node.  A secondary  median  node  is  present  close  to  the 
posterior  end  of  the  pygidial  rhachis. 

Description.  The  cephalon  is  moderately  to  highly  convex,  subcircular,  and  subequal  in  length  and  width.  The 
glabella,  occupying  60-65  % of  the  total  cephalic  length,  is  slightly  tapered  forward  or  nearly  parallel-sided, 
moderately  rounded  anteriorly,  and  highly  convex.  It  is  generally  slightly  constricted  opposite  the  median 
node.  The  median  node  is  usually  distinct  and  situated  at  about  the  midpoint  of  the  glabella.  In  front  of  the 
node  there  is  a faint  depression.  The  glabellar  rear  is  obtusely  angulate.  In  front  of  the  occipital  band  there  is 
a narrow  median  ridge.  Lateral  glabellar  furrows  are  absent.  The  basal  lobes  are  entire,  subtriangular,  and 
wider  than  long. 

The  acrolobe  is  evenly  rounded  and  unconstricted.  The  genae  are  smooth  and  equal  in  width  anteriorly  and 
laterally.  They  are  separated  from  the  glabella  by  weakly  impressed  dorsal  furrows,  and  slope  most  steeply 
laterally;  less  steeply  in  front  of  the  glabella.  The  border  is  moderately  narrow,  anteriorly  being  6-10%  of  the 
total  cephalic  length  (sag.),  and  slopes  gently  forward  and  laterally.  It  becomes  narrower  laterally  and  postero- 
laterally.  The  border  furrow  is  weakly  developed  anteriorly  and  laterally.  Postero-laterally,  the  border  and 
border  furrow  nearly  pass  under  the  convexity  (tr.)  of  the  acrolobe.  The  posterior  border  is  narrow,  convex 
(exsag.),  and  defined  by  a deep  border  furrow.  It  is  flexed  down  beyond  the  fulcrum  and  then  curved  forward 
to  become  the  lateral  border.  The  genal  angles  (at  the  fulcrum)  are  pointed  without  spines.  The  cephalic  recess 
is  not  visible. 

The  pygidium  is  moderately  to  highly  convex,  subcircular,  and  subequal  in  length  and  width  or  slightly  wider 
than  long.  The  pygidial  rhachis  (excluding  the  articulating  half-ring),  occupying  57-62%  of  the  total  pygidial 
length,  is  tapered  backward,  slightly  constricted  at  the  posterior  furrow  (F2),  and  divided  into  three  lobes.  The 
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Figs.  1-15.  Geragnostus  tullbergi  (Novak  1883).  Upper  part  of  Komstad  Limestone  Formation  (Arenig- 
Llanvirn  transition  beds);  J.G.A.  coll,  boulder  1 (1-6,  10-15),  boulder  5 (7-9).  Killerod,  Scania,  southern 
Sweden.  1-2,  SGU  99,  dorsal  and  anterior  views  of  large  cephalon,  x 1 1.  3,  SGU  100,  cephalon,  dorsal  view, 
x 12.  4,  SGU  296,  cephalon,  dorsal  view,  x 12.  5,  SGU  353,  cephalon,  dorsal  view,  x 13.  6,  SGU  793, 
cephalon,  dorsal  view,  x 14.  7-9,  SGU  794,  dorsal,  right  lateral,  and  anterior  views  of  cephalon,  x 12.  10, 
SGU  1233,  largely  exfoliated  cephalon,  dorsal  view,  x 10.  II,  SGU  3311,  internal  mould  of  pygidium,  x 12. 
12,  SGU  3312,  pygidium,  dorsal  view,  x 11.  13-14,  SGU  3313,  dorsal  and  left  lateral  views  of  pygidium, 
x 1 1 (13),  x 14  (14).  15,  SGU  3314,  pygidium,  dorsal  view,  x 1 1 . 

All  specimens  whitened  with  ammonium  chloride  sublimate,  and  preserved  with  the  exoskeleton  unless 
otherwise  indicated. 
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articulating  half-ring  is  about  one-third  of  the  maximum  width  of  the  pygidium.  The  anterior  and  second 
rhachial  lobes  (Ml  and  M2)  are  generally  distinct,  subequal  in  length  (exsag.),  and  crossed  by  a prominent 
median  ridge,  which  is  highest  posteriorly.  Ml  is  widest  (tr.)  and  occupies  41^)5%  of  the  maximum  width  of 
the  pygidium.  The  anterior  furrow  (FI)  is  present  laterally,  but  absent  medially  across  the  median  ridge.  The 
posterior  lobe  (M3)  is  nearly  effaced  and  only  faintly  outlined.  It  is  slightly  longer  (sag.)  than  Ml  and  M2 
combined,  and  separated  from  M2  by  a transverse  furrow  (F2),  which  is  curved  slightly  forward  medially.  The 
posterior  end  of  M3  is  acutely  rounded  and  bears  a low  secondary  median  node  just  in  front  of  the  rear  of  the 
lobe. 

The  acrolobe  is  nearly  semi-circular,  evenly  curved  and  unconstricted.  The  pleural  fields  are  smooth,  convex, 
and  slope  appreciably  laterally  and  posteriorly.  The  posterior  and  postero-lateral  border  is  wide,  generally 
attaining  12-16%  of  the  total  pygidial  length  (sag.),  and  defined  by  a weak  border  furrow  and  an  abrupt 
change  in  the  slope  of  the  exoskeleton.  It  becomes  narrower  antero-laterally  and  slopes  laterally  and 
posteriorly.  Postero-lateral  spines  are  absent.  The  anterior  border  furrow  is  deeply  incised.  The  articulating 
facets  are  prominent  and  rise  adaxially  to  the  fulcrum.  The  antero-lateral  corners  of  the  pygidium  are  angulate. 

The  dimensions  of  the  species  are  given  in  Tables  1 and  2. 

Remarks.  The  description  above  is  based  upon  adult  specimens  preserved  with  the  exoskeleton.  In 
exfoliated  specimens,  showing  the  parietal  morphology,  the  furrows  and  lobes  tend  to  be  more 
distinct  (PI.  61,  fig.  10).  The  posterior  lobe  of  the  pygidial  rhachis  is  well  defined  on  small  specimens 
(PI.  62,  fig.  3).  As  size  increases  it  becomes  progressively  less  discernible  until  it  is  nearly  effaced  and 
only  faintly  outlined  in  pygidia  longer  than  2-5  mm. 

The  material  from  the  Komstad  Limestone  Formation  conforms  in  all  essential  features  with 
Novak’s  (1883)  and  Pek’s  (1977)  description  of  G.  tullbergi  from  Bohemia.  The  Bohemian 
specimens,  however,  have  a slightly  longer  posterior  rhachial  lobe  on  the  pygidium,  but  this  can  be 
attributed  to  intraspecific  morphological  variability. 

The  relatively  long  (sag.)  pygidial  rhachis,  the  absence  of  postero-lateral  spines  on  the  pygidium, 
the  poor  development  of  a glabellar  furrow  in  front  of  the  median  node,  partial  eflfacement  of  the 
posterior  rhachial  lobe  on  the  pygidium,  and  the  presence  of  a secondary  median  node  on  the 
pygidial  rhachis  are  the  most  distinctive  characteristics  of  G.  tullbergi.  In  addition,  the  glabella 
seems  to  be  more  convex  (tr.  and  sag.)  than  in  most  other  species  of  Geragnostus. 

Funkquist’s  ( 1919,  pi.  2,  fig.  7)  drawing  of  a cephalon  which  he  ascribed  to  Agnostus  cf.  lentiformis 
Angelin  1851,  from  the  Komstad  Limestone  Formation  at  Komstad,  south-east  Scania,  strongly 
resembles  G.  tullbergi.  Pygidia  are  required,  however,  for  a confident  determination. 

G.  semipolitus  Dean  1973a,  from  strata  probably  corresponding  to  the  upper  Arenig  in  the  Taurus 
Mountains  of  Turkey,  is  a subjective  junior  synonym  of  G.  tullbergi , because  it  agrees  in  all  essential 
characters  with  the  diagnosis  and  description  above. 

Recently  Rabano  et  al.  (1985)  described  a closely  comparable  form,  G.  gilcidae  Rabano,  Pek  and 
Vanek,  1985,  from  the  Lower  Llanvirn  of  Montes  de  Toledo  and  Villuercas,  central  Spain. 
According  to  Rabano  et  al.  ( 1985),  it  differs  from  G.  tullbergi  mainly  in  having  a narrower  cephalic 
and  pygidial  border,  and  a narrower  (sag.)  postrhachial  region.  However,  slight  differences  in  the 
proportions  of  the  individual  parts  of  the  exoskeleton  cannot  be  considered  as  valid  discriminatory 
characteristics.  Thus,  in  view  of  the  morphological  variability  of  G.  tullbergi , it  is  questionable 
whether  the  specimens  recognized  as  G.  gilcidae  really  represent  a separate  species. 

G.  explanatus  Tjernvik  1956  from  the  lower  Arenig  ( Megistaspis  planilimbata  Zone)  of  Narke, 
south-central  Sweden,  is  closely  comparable  to  G.  tullbergi  in  having  a partly  effaced  pygidial 
rhachis.  It  differs,  however,  in  having  a distinct  transverse  furrow  on  the  glabella  and  a prominent, 
elongate  glabellar  node.  In  addition,  the  pygidium  of  G.  explanatus  is  more  elongate. 

G.  occitanus  Howell  1935  from  the  lower  and  middle  Arenig  of  Montagne  Noire,  France, 
corresponds  fairly  well  with  G.  tullbergi.  However,  according  to  the  detailed  description  given  by 
Dean  (1966)  it  differs  in  having  a more  quadrate  cephalon,  short  genal  spines,  generally  wider 
pygidial  rhachis,  and  traces  of  pygidial  marginal  spines.  Furthermore,  the  pygidial  rhachis  of 
G.  occitanus  apparently  lacks  a secondary  median  node. 
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table  1.  Dimensions  (in  mm)  of  cephala  of  Geragnostus  tullbergi. 


Specimen 

Lc 

Lbc 

Lac 

G 

N 

Wc 

Wg 

SGU  1419 

1-60 

015 

F50 

105 

0-50 

F60 

0-70 

SGU  793 

2-25 

0-25 

2-00 

1 40 

0-65 

2-30 

0-95 

SGU  353 

2-30 

0-20 

210 

1 40 

0-70 

2-40 

0-90 

SGU  1417 

2-60 

0-20 

2-40 

1 60 

0-80 

2-65 

1-10 

SGU  296 

2-80 

0-25 

2-50 

1-75 

0-85 

2-95 

1-10 

SGU  1418 

2-85 

0-25 

2-60 

1-75 

0-85 

2-85 

MO 

SGU  100 

300 

0-30 

2-70 

F80 

0-90 

3- 10 

1 20 

SGU  794 

300 

0-25 

2-70 

1-85 

0-90 

310 

1 20 

SGU  99 

3-80 

0-30 

3-50 

2-30 

1-20 

3-90 

1 45 

table  2.  Dimensions  (in  mm)  of  pygidia  of  Geragnostus  tullbergi. 


Specimen 

Lpt 

Lp2 

Lr 

Lbp 

Wp 

Wr 

SGU  3909 

1-75 

1 60 

1 00 

0-30 

1 70 

0-75 

SGU  3315 

— 

2-70 

1 70 

0-40 

3-10 

1 40 

SGU  3311 

3-30 

3-05 

2-00 

0-50 

3-30 

1 60 

SGU  3313 

340 

3-10 

— 

0-50 

3-60 

1 60 

SGU  3312 

3-60 

3-35 

— 

0-45 

3-70 

1 60 

SGU  3314 

3-60 

3-35 

2-20 

0-50 

3-80 

1 65 

SGU  3910 

4-30 

3-95 

— 

0-50 

— 

2-00 

Occurrence.  Arenig(?)-Llanvirn.  Czechoslovakia,  Sarka  Formation;  Taurus  Mountains  of  Turkey,  Sobova 
Formation;  Scania,  southern  Sweden,  Komstad  Limestone  Formation  (J.G.A.  coll,  boulders  1,  3,  and  5; 
Asaphus  expansus  Zone  or  basal  A.  ‘ raniceps ’ Zone  of  the  lower  Kunda  Stage);  central  Spain(?),  ‘Shales  with 
Neseuretus' . In  Czechoslovakia,  the  species  appears  to  range  into  the  Dobrotiva  Formation  of  Llandeilo  age 
(Pek  1977,  p.  14). 


Geragnostus  cf.  ingricus  (Schmidt  1894) 

Plate  62,  figs.  4-16 

cf.  1894  Agnostus  glabratus  Ang.  var.  ingrica ; Schmidt,  pp.  90-92,  pi.  6,  figs.  39M4. 

Material.  24  cephala  and  14  pygidia.  In  addition  there  are  two  small  enrolled  specimens  and  three  thoracic 
tergites,  tentatively  assigned  to  this  form. 

Description.  The  cephalon  is  about  as  wide  as  long  and  subquadrate  to  subcircular  in  outline.  The  glabella, 
occupying  60-66%  of  the  sagittal  cephalic  length,  is  well  defined  by  dorsal  furrows,  gently  tapered  forward, 
and  moderately  rounded  in  front.  It  is  slightly  constricted  at  about  mid-length.  The  low  median  node  is  situated 
slightly  anterior  to  the  midpoint  of  the  glabella.  Four  pairs  of  muscle  insertion  areas  are  generally  apparent 
on  the  glabella.  Counting  from  the  front,  the  first  and  second  sets  flank  the  median  glabellar  node.  The  first 
set  is  comparatively  long  (tr.)  and  directed  antero-laterally  from  the  median  node  end.  The  second  set  is  nearly 
transverse.  The  third  set  is  the  longest  (tr.)  and  directed  postero-lalerally.  The  fourth  set  consists  of  elliptical 
impressions  with  the  long  axes  directed  postero-laterally.  The  glabellar  rear  is  obtusely  angulate.  In  front  of 
the  occipital  band  there  is  a narrow  median  ridge,  extending  forward  up  the  slope  from  the  occipital  furrow. 
The  basal  lobes  are  entire,  subtriangular,  wider  than  long,  connected  medially,  and  provided  with  transverse 
muscle  impressions  postero-medially. 

The  acrolobe  is  evenly  rounded  or  slightly  constricted  antero-laterally.  The  genae  are  moderately  convex, 
smooth,  and  equal  in  width  anteriorly  and  laterally.  They  gently  decline  anteriorly,  more  steeply  so  laterally. 
The  border  is  gently  declined,  and  it  is  widest  antero-laterally,  expanding  in  width  from  the  posterior  border. 
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and  slightly  narrowing  adaxially  again  towards  the  mid-line.  Sagittally  it  occupies  9-13  % of  the  total  cephalic 
length.  The  posterior  border  is  narrow,  convex  (exsag.),  and  defined  by  a deep  border  furrow.  It  is  steeply 
declined  beyond  the  fulcrum  and  then  curved  forward  to  become  the  lateral  border.  The  genal  angles  (at  the 
fulcrum)  are  pointed  without  spines. 

The  thorax  is  of  typical  Geragnostus / Arthrorhachis  type  (e.g.  Jaekel  1909;  Whittington  1963,  fig.  3,  1965, 
pi.  1,  figs.  4 and  6). 

The  pygidium  is  subcircular  to  subquadrate,  highly  convex,  and  about  as  wide  as  long.  The  pygidial  rhachis 
(excluding  the  articulating  half-ring)  is  divided  into  three  well-defined  lobes  and  occupies  45-57%  of  the  total 
pygidial  length.  It  is  generally  slightly  constricted  at  the  posterior  furrow  (F2),  tapers  gently  backwards,  and 
is  broadly  rounded  posteriorly.  The  anterior  rhachial  lobe  (Ml)  is  slightly  shorter  (exsag.)  than  M2,  and  both 
are  crossed  by  a prominent  median  ridge  which  is  highest  posteriorly.  They  are  separated  from  each  other  by 
a furrow  (FI)  which  is  directed  inward  and  slightly  forward  from  the  dorsal  furrow.  The  posterior  lobe  (M3) 
is  about  as  long  (sag.)  as  Ml  and  M2  combined,  and  separated  from  M2  by  a transverse  furrow  which  is  curved 
slightly  forward  medially.  In  some  specimens  there  is  a minute  median  node  on  the  posterior  tip  of  the  rhachis. 
The  pleural  fields  are  smooth,  of  almost  constant  width,  and  steeply  downsloping.  The  posterior  and  lateral 
border  is  like  that  of  the  cephalon  and  generally  widest  postero-laterally  where  there  is  a pair  of  spines 
commencing  on  a transverse  line  well  behind  the  rhachis.  Sagittally  the  posterior  border  occupies  10-15%  of 
the  total  pygidial  length.  The  anterior  border  furrow  is  deeply  incised.  The  articulating  facets  are  prominent 
and  steeply  downward-sloping.  The  antero-lateral  corners  of  the  pygidium  are  obtusely  angulate. 

The  dimensions  of  this  form  are  given  in  Tables  3 and  4. 

Remarks.  In  the  general  outline  and  proportions  of  the  individual  parts  of  the  exoskeleton,  the 
specimens  from  the  Komstad  Limestone  most  closely  resemble  those  of  G.  ingricus  (Schmidt  1894) 
from  the  Volkhov  or  Kunda  Stage  of  the  Leningrad  district  (Ingermanland),  East  Baltic  area.  The 
specimens  figured  by  Schmidt  (1894,  pi.  6,  figs.  39-^44)  seem  to  lack  distinct  muscle  insertion  areas, 
however,  but  this  may  be  due  to  taphonomic  processes.  In  addition,  a median  glabellar  node  on  the 
material  from  the  Leningrad  district  was  not  indicated  by  Schmidt  (1894),  and  the  identification 
must  be  tentative.  It  must  also  be  emphasized  that  the  type  material  of  G.  ingricus  needs  to  be 
revised. 

The  Scanian  material  also  shares  many  features  with  G.  clusus  Whittington  1963,  from  the 
Llanvirn  of  Lower  Head,  western  Newfoundland,  and  other  closely  allied  forms  from  Llanvirn  units 
elsewhere  in  North  America,  Europe,  and  China.  There  are,  however,  minor  differences  in  the 
morphological  details,  and  the  Scanian  form  can  be  differentiated  i.a.  by  having  a consistently 
shorter  (sag.)  pygidial  rhachis  and  a slightly  shorter  (sag.)  glabella. 

G.  cf.  longicollis  of  Dean  (19376),  from  the  Keele  Range,  northwestern  Yukon  Territory,  Canada, 
is  broadly  similar  to  G.  cf.  ingricus,  but  differs  in  having  lateral  genal  areas,  a slighty  wider  glabella, 
and  a more  convex  posterior  lobe  of  the  pygidial  rhachis. 


EXPLANATION  OF  PLATE  62 

Figs.  1-3.  Geragnostus  tullbergi  (Novak  1883).  Upper  part  of  Komstad  Limestone  Formation  (Arenig-Llanvirn 
transition  beds);  J.G.  A.  coll,  boulder  1.  Killerod,  Scania,  southern  Sweden.  1-2,  SGU  3315,  dorsal  and  left 
lateral  views  of  pygidium,  x 1 1 (1),  x 13  (2).  3,  SGU  3909,  small  pygidium,  dorsal  view,  x 13. 

Figs.  4-16.  Geragnostus  cf.  ingricus  (Schmidt  1894).  Upper  part  of  Komstad  Limestone  (Arenig-Llanvirn 
transition  beds);  J.G.  A.  coll,  boulder  1 (6  and  9),  boulder  2(11  and  16),  boulder  3 (5  and  10),  boulder  5 (4), 
boulder  7 (7-8,  12-15).  Killerod,  Scania,  southern  Sweden.  4,  SGU  4160,  large  cephalon,  dorsal  view,  x 8. 
5,  SGU  4620,  large  cephalon,  dorsal  view,  x 9.  6,  SGU  4643,  cephalon,  dorsal  view,  x 13.  7-8,  SGU  4659, 
dorsal  and  left  lateral  views  of  cephalon,  x 12  (7),  x 10  (8).  9,  SGU  4660,  cephalon,  dorsal  view,  x 12.  10, 
SGU  4661 , cephalon,  dorsal  view,  x 13.  1 1,  SGU  4662,  partly  exfoliated  pygidium,  dorsal  view,  x 15.  12-13, 
SGU  4756,  dorsal  and  posterior  views  of  pygidium,  x 14  (12),  x 15  (13).  14,  SGU  4869,  pygidium,  dorsal 
view,  x 13.  15,  SGU  5124,  pygidium,  dorsal  view,  x 16.  16,  SGU  5126,  anterior  thoracic  tergite,  dorsal  view, 
x 7. 

All  specimens  whitened  with  ammonium  chloride  sublimate,  and  preserved  with  the  exoskeleton  unless 
otherwise  indicated. 
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table  3.  Dimensions  (in  mm)  of  cephala  of  Geragnostus  cf.  ingricus. 


Specimen 

Lc 

Lbc 

Lac 

G 

N 

Wc 

Wg 

SGU  4661 

2-40 

0-25 

2-15 

L50 

0-80 

2-30 

115 

SGU  4643 

2-75 

0-35 

2-40 

L70 

100 

2-80 

1-20 

SGU  4660 

2-80 

0-30 

2-50 

F85 

110 

2-90 

L30 

SGU  4659 

3-20 

0-30 

2-90 

210 

L30 

3-20 

L40 

SGU  4620 

4-70 

0-60 

410 

3-05 

L85 

500 

200 

SGU  4160 

510 

0-50 

4-60 

3-30 

F70 

5-20 

2-25 

table  4.  Dimensions  (in  mm)  of  pygidia  of  Geragnostus  cf.  ingricus. 


Specimen 

Lpt 

Lp2 

Lr 

Lbp 

Wp 

Wr 

SGU  5125 

2-25 

2-05 

L30 

0-30 

2-50 

1 10 

SGU  4756 

2-40 

2-20 

L30 

0-35 

2-50 

105 

SGU  4662 

2-60 

2-40 

L40 

0-40 

2-60 

M0 

SGU  4869 

3-20 

300 

L50 

0-50 

3-20 

L40 

Arthrorhachis  erratica  (Jaekel  1909)  from  glacial  erratics  originating  from  the  1 Asaphus-kalk  ’ of 
Scandinavia,  differs  from  the  Scanian  specimens  in  having  a slightly  wider  (tr.)  and  less  tapered 
pygidial  rhachis,  and  a shorter  (sag.)  terminal  lobe  on  the  pygidial  rhachis.  The  cephala  from  Scania 
are  generally  subquadrate  in  outline  with  the  maximum  width  at  the  antero-lateral  corners,  and  they 
are  similar  to  the  holotype  cephalon  of  A.  erratica , which  was  refigured  by  Neben  and  Krueger 
(1971,  pi.  1 1,  fig.  34).  The  holotype  cephalon,  however,  lacks  distinct  muscle  insertion  areas  on  the 
glabella,  but  as  noted  above  this  may  be  due  to  the  state  of  preservation. 

The  arrangement  and  outline  of  the  glabellar  muscle  impression  areas  are  very  similar  to  that  of 
A.  elspethi  Raymond  1925  from  the  Middle  Ordovician  of  North  America  (see  Cooper  1953;  Hunt 
1967). 

There  is  considerable  morphological  variation  exhibited  by  the  Scanian  material,  particularly 
with  regard  to  the  length  and  outline  of  the  terminal  lobe  of  the  pygidial  rhachis,  and  the  general 
outline  of  the  cephalon  and  pygidium.  It  is  possible  that  more  than  one  species  is  involved.  I 
consider,  however,  these  differences  to  represent  minor  intraspecific  variation  rather  than  specific 
differences. 

Occurrence.  Scania,  southern  Sweden  (Komstad  Limestone  Formation;  J.G.  A.  coll,  in  situ  and  boulders  1-3, 
5-7).  Asaphus  expansus  Zone  or  basal  A.  ‘ raniceps ' Zone  of  the  lower  Kunda  Stage. 


Genus  arthrorhachis  Hawle  and  Corda,  1847 

Type  species.  Battus  tardus  Barrande,  1846,  from  the  Kraluv  Dvur  Formation  (Ashgill)  of  Libomysl,  near 
Zdice,  Czechoslovakia. 

Remarks.  I follow  Fortey  (1980)  in  restricting  the  genus  Trinodus  to  the  holotype  of  the  type  species, 
T.  agnostiformis  M'Coy  1846.  The  problems  surrounding  the  discrimination  between  Arthrorhachis 
and  Geragnostus  are  discussed  above  under  Geragnostus. 
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text-fig.  3.  Pygidia  of  Arthrorhachis  lentiformis  (Angelin  1851)7.  Upper  part  of  Komstad  Limestone 
Formation  (Arenig-Llanvirn  transition  beds);  J.G.A.  coll,  in  situ  (B  and  C)  and  boulder  2 (A).  Killerod, 
Scania,  southern  Sweden.  A,  SGU  5127,  x 9.  B,  SGU  5128,  x 16.  C,  SGU  5129,  x 13. 


Arthrorhachis  lentiformis  (Angelin  1851)? 

Text-fig.  3 

71851  Agnostus  lentiformis  Angelin,  p.  7,  pi.  6,  fig.  6. 

71878  Agnostus  lentiformis  Angelin,  p.  7,  pi.  6,  fig.  6. 

Material.  Three  pygidia. 

Dimensions  (mm) 

Lpj  Lp„  Lr  Lbp  Wp  Wr 
SGU  5129  2-60  2-40  1 -30  0-30  — 1 40 

Remarks.  Arthrorhachis  lentiformis  (Angelin  1851)  is  based  on  material  from  the  Komstad 
Limestone  in  the  classical  Fagelsang  area  east  of  Lund,  Scania.  The  specimens?)  figured  by  Angelin 
(1851,  pi.  6,  fig.  6)  cannot  be  located,  and  are  considered  lost  (cf.  Wiman  1905,  p.  13).  No  other 
possible  syntypes  can  be  traced.  The  selection  of  a neotype  has  to  await  a revision  of  the  agnostids 
from  the  Komstad  Limestone  Formation  in  the  Fagelsang  area.  Unfortunately,  Angelin’s 
description  is  short  and  his  figure  is  vague.  Thus,  it  is  difficult  to  recognize  diagnostic  features.  His 
figure,  however,  clearly  shows  a specimen  with  a short,  tapered  pygidial  rhachis,  occupying  about 
half  of  the  pygidial  length.  The  terminal  lobe  of  the  pygidial  rhachis  appears  to  be  very  short,  and 
spines  are  absent  on  the  pygidial  border.  His  figured  cephalon  is  of  typical  Geragnostus/ 
Arthrorhachis  type  with  a fairly  long  glabella. 

The  three  pygidia  at  hand  have  a short  rhachis,  occupying  about  50%  of  the  total  pygidial  length. 
In  one  of  the  pygidia  the  border  lacks  marginal  spines  and  the  rhachis  tapers  backward  strongly 
(text-fig.  3a).  The  two  other  pygidia  have  a gently  tapered  rhachis  and  a minute  pair  of  spines  are 
present  on  the  border  (text-fig.  3b-c).  In  addition,  they  are  more  convex  and  the  dorsal  furrows  are 
more  prominent  than  in  the  specimen  lacking  spines.  Thus,  two  species  may  be  involved.  For  the 
moment,  however,  the  three  pygidia  are  questionably  assigned  to  A.  lentiformis. 

A.  danica  (Poulsen  1965)  from  the  lower  part  of  the  Komstad  Limestone  Formation  at  Skelbro, 
Bornholm,  Denmark,  corresponds  fairly  well  with  Angelin’s  (1851 ) figure  of  A.  lentiformis  and  may 
prove  eventually  to  be  a junior  subjective  synonym  of  A.  lentiformis.  A similar  uncertainty  affects 
the  validity  of  A.  hehetatus  (Dean  1973a)  from  the  Sobova  Formation  of  the  Taurus  Mountains, 
Turkey. 

Occurrence.  Scania,  southern  Sweden  (Komstad  Limestone  Formation;  J.G.A.  coll,  in  situ  and  boulder  2). 
Asaphus  expansus  Zone  or  basal  A.  ‘ raniceps ’ Zone  of  the  lower  Kunda  Stage. 


566 


PALAEONTOLOGY,  VOLUME  32 


Genus  oculagnostus  Ahlberg,  1988 

Type  species.  Agnostus  frici  Holub  1908a  (pp.  9-1 1,  pi.  1,  fig.  la-b)  from  the  Llanvirnian  Sarka  Formation  at 
Osek  near  Rokycany,  Czechoslovakia;  by  original  designation. 

Diagnosis.  See  Ahlberg  (1988). 

Remarks.  This  monotypic  genus  was  recently  erected  by  Ahlberg  (1988)  to  include  a rare  species, 
Agnostus  frici  Holub  1908a,  from  the  Llanvirn  of  Bohemia  and  the  Arenig-Llanvirn  transition  beds 
of  Scania,  southern  Sweden.  It  is  unique  amongst  agnostid  trilobites  in  possessing  ocular  structures, 
located  at  the  postero-lateral  part  of  the  genae  (Ahlberg  1988).  In  addition,  the  morphology  of  the 
glabella  and  the  course  of  the  glabellar  furrows  easily  distinguish  the  genus  from  most  other 
agnostid  genera.  In  the  glabellar  configuration  it  most  closely  resembles  species  of  the  scrobiculate 
genus  Corrugatagnostus , especially  C.fortis  (Novak  1883). 

The  systematic  affinities  of  Oculagnostus  are  obscure.  For  the  moment,  however,  it  is  questionably 
placed  within  the  family  Metagnostidae  as  defined  by  Fortey  (1980). 


Oculagnostus  frici  (Holub  1908a) 

Text-fig.  4 

*1908a  Agnostus  Frici',  Holub.  pp.  9-11,  pi.  1,  fig  la-b. 

.19086  Agnostus  Fritschi;  Holub,  pp.  2-3,  pi.  1,  fig.  la-b. 

. 1977  Segmentagnostus  frici  (Holub);  Pek,  pp.  19-20,  pi.  I,  fig.  6,  pi.  2,  figs.  5-8. 
v.1988  Oculagnostus  frici  (Holub);  Ahlberg,  pp.  116-118,  figs.  1-3. 

Neotype.  An  incomplete  cephalon,  figured  and  selected  by  Pek  (1977,  pi.  1,  fig.  6).  It  is  preserved  in  the  type 
collections  of  the  Municipal  Museum  of  Rokycany,  Czechoslovakia,  as  No.  1-361. 

Type  stratum.  Sarka  Formation,  Llanvirn. 

Type  locality.  Osek  near  Rokycany,  Czechoslovakia. 

Material.  Three  nearly  complete  cephala  and  two  incomplete  pygidia. 

Diagnosis.  As  for  the  genus  (see  Ahlberg  1988). 

Description.  The  cephalon  is  moderately  convex  and  subquadrate  in  outline.  The  maximum  width,  being  on 
a transverse  line  passing  the  preglabellar  furrow,  is  0-8-0-9  of  the  sagittal  length.  The  glabella,  occupying 
65-70%  of  the  total  cephalic  length,  is  nearly  parallel-sided,  1-6-1 -8  times  longer  than  wide,  truncate  in  front, 
and  set  off  from  the  genae  by  well-developed  dorsal  furrows.  The  glabellar  rear  is  obtusely  angulate. 
Transversely,  the  glabella  is  highly  convex;  sagittally  it  is  moderately  convex.  Two  distinct  transglabellar 
furrows  divide  the  glabella  into  three  lobes  of  which  the  middle  is  the  shortest  (sag.  and  exsag.).  The  anterior 
lobe  (M3)  is  subrectangular,  attaining  30 — 40 % of  the  glabellar  length  (sag.),  and  separated  behind  by  the 
anterior  glabellar  furrow  (F2),  which  is  directed  inward  and  slightly  forward  from  the  dorsal  furrows,  then 
curved  slightly  backward  adaxially.  The  posterior  glabellar  furrow  (FI)  is  curved  inward  and  forward  from  the 
dorsal  furrows,  making  a forward-pointing  V in  front  of  the  median  node,  which  is  situated  slightly  in  front 
of  the  mid-length  of  the  glabella.  The  basal  lobes  are  large,  entire,  subtriangular,  and  separated  from  the 
glabella  by  a basal  furrow  which  becomes  weaker  postero-medially. 

The  acrolobe  is  evenly  rounded  anteriorly,  but  laterally  slightly  constricted.  The  genae  are  smooth,  convex, 
of  almost  constant  width,  and  slope  most  steeply  laterally;  less  steeply  in  front  of  the  glabella.  At  the  postero- 
lateral margin  of  the  genae  there  are  ocular  structures  (including  palpebral  lobes;  Ahlberg  1988).  The  border 
is  narrow  postero-laterally,  widening  forward  to  a maximum  width  at  the  antero-lateral  corners  of  the 
cephalon.  The  lateral  border  is  downward-sloping  distally  and  provided  with  a shallow  furrow,  extending 
from  the  ocular  structure  some  distance  forward  parallel  with  the  lateral  margin.  Anteriorly  the  border  is 
convex  (sag.)  and  moderately  wide.  Combined  with  the  border  furrow  it  occupies  6-9%  of  the  total  cephalic 
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text-fig.  4.  Oculagnostus  frici  (Holub  1908a).  Upper  part  of  Komstad  Limestone  Formation  (Arenig-Llanvirn 
transition  beds);  J.G.  A.  coll,  in  situ  (B  and  C)  and  boulder  1 (A).  Killerod,  Scania,  southern  Sweden.  A,  SGU 
5130,  cephalon,  x 16.  B,  SGU  5131,  pygidium,  x 12.  C,  SGU  5635,  pygidium,  x 15. 


length.  The  posterior  border  is  convex  (exsag.),  defined  by  a deeply  incised  border  furrow,  and  curved  around 
the  genal  angle  to  meet  the  lateral  border.  There  is  no  postero-lateral  spine  at  this  point. 

The  pygidium  is  moderately  convex  and  subcircular  in  outline.  The  maximum  width,  being  on  a transverse 
line  passing  immediately  in  front  of  the  posterolateral  spines,  is  slightly  greater  than  the  total  pygidial  length. 
The  pygidial  rhachis  occupies  about  60%  of  the  total  pygidial  length  and  about  40%  of  the  maximum  width 
of  the  pygidium.  It  is  subrectangular,  constricted  at  the  middle  lobe  (M2),  defined  by  well  impressed  dorsal 
furrows,  and  truncate  behind  with  a median  node  on  the  posterior  tip.  The  dorsal  furrow  is  slightly  deepened 
behind  this  node.  The  rhachis  is  divided  into  three  lobes  by  two  nearly  transverse  furrows,  and  crossed  by  a 
median  ridge  which  is  only  faintly  outlined  on  the  posterior  lobe  (M3).  Ml  and  M2  are  subequal  in  length 
(exsag.).  M3  is  slightly  less  than  half  the  length  of  the  rhachis  (excluding  the  articulating  half-ring). 

The  acrolobe  is  laterally  constricted.  The  pleural  fields  are  smooth,  of  almost  constant  width,  convex,  and 
slope  appreciably  laterally  and  posteriorly;  most  steeply  laterally.  The  border  is  convex  and  downward-sloping 
laterally.  It  is  extremely  wide  posterolaterally,  narrowing  considerably  forward  and  medially.  Short 
posterolateral  spines  commence  on  a transverse  line  across  the  rear  of  the  pygidial  acrolobe.  The  anterior 
border  is  convex  (exsag.)  adaxially,  faceted  anterolaterally,  and  separated  from  the  pleural  field  by  a deep 
border  furrow. 

Dimensions  (mm) 


Lc 

Lbc 

Lac 

G 

N 

Wc 

Wg 

SGU  5466 

3-40 

0-30 

310 

2-35 

1 30 

3-00 

L30 

SGU  5467 

2-90 

0-20 

2-70 

2-05 

1 20 

2-60 

F20 

SGU  5130 

2-15 

0-20 

1-95 

1 40 

0-80 

L80 

0-90 

Remarks.  The  specimens  from  the  Komstad  Limestone  Formation  are  specifically  indistinguishable 
from  Holub’s  (1908cr,  b)  and  Pek's  (1977)  descriptions  and  illustrations  of  Oculagnostus  frici  from 
Bohemia.  Although  the  description  of  Pek  (1977)  is  adequate,  a new  description  is  presented  above 
because  additional  information  is  now  available.  The  ocular  structures  of  O.  frici  were  recently 
described  by  Ahlberg  (1988). 

Occurrence.  Arenig(?)-Llanvirn.  Czechoslovakia,  Sarka  Formation;  Scania,  southern  Sweden,  Komstad 
Limestone  Formation  (J.G.  A.  coll,  in  situ  and  boulder  1 ; Asaphus  expansus  Zone  or  basal  A.  ‘ raniceps ’ Zone 
of  the  lower  Kunda  Stage). 
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THE  SUCCESSION  OF  BELEMNOPSIS  IN  THE 
LATE  JURASSIC  OF  EASTERN  INDONESIA 

by  A.  B.  CH ALLINOR 


Abstract.  Probably  all  the  late  Jurassic  species  of  Belemnopsis  from  eastern  Indonesia  form  part  of  the 
moluccana  lineage  which  ranged  from  early  Oxfordian  to  top  Tithonian.  B.  moluccana , B.  galoi  and  B.  stolleyi 
appear  in  that  order  and  form  the  main  lineage,  while  B.  alfurica  and  B.  mangolensis  represent  impersistent 
branches  with  no  descendants.  Other  previously  recognized  taxa  are  either  synonyms,  transitional  forms  or 
group  names.  Important  morphological  changes  in  the  moluccana  lineage  include  a decrease  in  guard  length, 
forward  movement  of  the  point  of  maximum  inflation  and  a decrease  in  dorso-ventral  flattening.  Stratigraphic 
distribution  is  established  in  the  Misool  Archipelago  and  Sula  Islands  and  the  relative  stratigraphic  position 
of  many  specimens  or  species  described  by  earlier  workers  is  inferred. 


HISTORICAL  PERSPECTIVE 


Early  research 

In  1907  G.  Boehm  described  a number  of  belemnites  from  Sula  Islands  and  since  that  time  the 
succession  of  Belemnopsis  in  the  late  Jurassic  of  Indonesia  has  exercised  the  minds  of 
palaeontologists.  Boehm  (1907)  recognized  five  species  of  Belemnopsis  from  Taliabu,  the 
westernmost  of  the  Sula  Islands  (text-fig.  1).  B.  alfurica  (Boehm)  was  described  mainly  from 
specimens  collected  on  the  upper  Wai  Lagoi  (Wai  = river  or  stream)  in  eastern  Taliabu  and  two 
specimens  were  recorded  from  Wai  Galo,  southeastern  Taliabu.  B.  galoi  (Boehm),  B.  taliabutica 
(Boehm),  B.  sularum  (Boehm)  and  B.  moluccana  (Boehm)  were  described  from  Wai  Galo,  Safau  (on 
the  south  coast  of  Taliabu),  and  ‘Lagoi  Mundung’  (?  = boulders  from  Wai  Lagoi).  Numerous 
other  specimens  were  identified  as  Belemnites  ( = Belemnopsis  partim)  or  compared  with  those 
named  above.  All  figured  specimens  of  B.  galoi , B.  taliabutica , B.  sularum  and  B.  moluccana  (Boehm 
1907)  were  collected  from  Wai  Galo. 

Although  many  specimens  were  available,  Boehm’s  figures  and  descriptions  are  inadequate  by 
today’s  standards.  Discrete  species  cannot  be  recognized  from  his  text  or  illustrations.  He 
emphasized  that  interspecific  differences  were  slight  and  was  apparently  in  some  doubt  that  all  his 
species  were  valid  (Boehm  1907).  He  later  united  B.  sularum  and  B.  taliabutica  under  B.  gerardi 
Oppel  (Boehm  1912)  but  continued  to  regard  B.  galoi  and  probably  B.  moluccana  as  valid  taxa. 

Prior  to  Boehm’s  work,  Rothpletz  (1892)  had  identified  B.  gerardi  from  Roti  and  others 
subsequently  recorded  Boehm’s  five  species,  B.  gerardi , and  several  new  late  Jurassic  taxa  from 
throughout  eastern  Indonesia  (text-fig.  1). 

Kruizinga  (1920)  studied  material  from  Sula  Islands,  Roti  and  Timor.  He  united  B.  moluccana , 
B.  sularum , B.  taliabutica  and  B.  galoi  under  B.  gerardi , maintained  B.  alfurica  as  a distinct  taxon, 
and  described  a new  species,  B.  indica  Kruizinga.  He  recognized  that  the  latter  was  similar  to 
specimens  identified  by  Boehm  as  B.  moluccana , but  differed  somewhat  from  Boehm’s  description 
(Kruizinga  1920).  Other  specimens  were  compared  to  B.  aucklandica  (Hochstetter). 

Stolley  (1929)  examined  collections  from  Misool,  Timor,  Yamdena,  Roti  and  Buru.  He 
recognized  B.  moluccana , B.  sularum , B.  taliabutica , B.  galoi , B.  gerardi , B.  indica , B.  alfurica , 
B.  aucklandica , and  identified  B.  sp.  (alf.  tanganensis  Futterer)  and  B.  cf.  hochstetteri  Hector.  In  1935 
he  examined  new  collections  made  by  Weber  from  Misool,  identified  many  of  his  1929  taxa,  and 
recognized  B.  indica-moluccana  and  B.  incisa  as  new  species. 
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text-fig.  I Eastern  Indonesia.  Members  of  the  moluccana  lineage  have  been  recorded  from  the  island  groups 

with  names  underlined. 

By  1940  some  50  papers,  including  the  taxonomic  studies  cited  above,  had  mentioned  or  discussed 
Belemnopsis  from  eastern  Indonesia  (Skwarko  and  Yusuf  1982).  Many  dealt  wholly  or  partly  with 
late  Jurassic  taxa  and  the  species  names  quoted  above  had  been  widely  used. 

Modern  work 

Stevens  (1963 b)  re-examined  B.  gerardi  Oppel  and  demonstrated  that  the  name  was  valid  for  only 
two  of  Oppel's  figured  specimens  (Oppel  1865,  pi.  88,  figs.  1,2);  the  third  (Oppel  1865,  pi.  88,  fig. 
3)  he  included  in  a new  taxon,  B.  uhligi  Stevens.  The  latter  was  identified  from  India,  Pakistan, 
Indonesia  and  New  Guinea.  Later  Stevens  re-examined  Stolley’s  B.  aucklandica  and  recognized  part 
of  the  material  (those  specimens  from  Yamdena)  as  a new  species,  B.  stolleyi  Stevens  (1964). 

The  Sula  Islands  were  re-surveyed  in  1976  (Sato  et  al.  1978)  and  provided  the  first  reliable  ages 
and  relative  stratigraphic  positions  for  several  late  Jurassic  species  of  Belemnopsis.  Challinor  and 
Skwarko  (1982)  examined  the  collections,  identified  and  re-described  B.  alfurica , B.  moluccana , 
B.  stolleyi , and  described  five  new  taxa,  B.  aucklandica  galoi , B.  a.  similis,  B.  mangolensis , B.  sp.  B, 
and  B.  sp.  C.  The  Kimmeridgian  belemnites  were  dated  by  bivalves;  those  from  the  Tithonian  by 
ammonites  (Challinor  and  Skwarko  1982,  pp.  2-4). 

B.  stolleyi  was  found  to  be  abundant  throughout  the  late  Tithonian;  B.  moluccana  and  the 
subspecies  of  B.  aucklandica  were  abundant  and  appeared  to  have  significant  stratigraphic  ranges 
in  the  Kimmeridgian  and  early  Tithonian;  B.  alfurica  and  B.  mangolensis  abundant  but  of  restricted 
stratigraphic  horizon;  B.  sp.  B.  and  B.  sp.  C were  represented  by  few  specimens  from  single 
localities.  Thus  the  sequence  of  late  Jurassic  Belemnopsis  in  Sula  Islands  was  estabished,  but 
stratigraphic  ranges  of  all  taxa  could  not  be  delimited  and  phylogenetic  relationships  remained 
obscure. 

Misool  Archipelago  was  re-surveyed  in  1981  (Pigram  et  al.  1982)  and  study  of  the  belemnites 
collected  has  been  completed.  Large  numbers  of  late  Jurassic  Belemnopsis  were  collected  from  many 
horizons  (text-fig.  2).  Stratigraphic  ranges  and  provisional  ages  have  been  established  (Challinor  in 
press  a).  Study  of  the  new  collections  indicates  that  B.  moluccana , B.  galoi , B.  stolleyi , B.  alfurica  and 
B.  mangolensis  are  part  of  an  evolutionary  lineage  which  extends  from  early  Oxfordian  to  late 
Tithonian  time.  All  Indonesian  late  Jurassic  Belemnopsis  described  by  previous  workers  are 
apparently  either  species  of  the  lineage  or  transitional  forms  appearing  briefly  between  them. 

The  concept  of  an  evolving  lineage  is  not  new.  Both  Stolley  (1929)  and  Stevens  (1965)  suspected 
that  relationships  existed  between  a number  of  late  Jurassic  species  but  lacked  reliable  ages  and  a 
stratigraphic  framework  against  which  to  view  these  relationships. 
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text-fig.  2.  Fossil  localities  in  Misool  Archipelago  from  which  members  of  the  moluccana  lineage  were 

collected  during  the  1981  survey. 

The  group  is  discussed  here  under  the  name  moluccana  lineage.  This  paper  compares  the 
morphology  of  its  species,  examines  changes  which  occur  in  the  group,  synonymizes  nominal  taxa 
considered  identical  to  species  of  the  lineage,  and  attempts  to  establish  the  stratigraphic  position  of 
specimens  identified  by  earlier  workers  and  now  synonymized. 


THE  MOLUCCANA  LINEAGE 

The  moluccana  lineage  is  named  from  its  first  appearing  species  B.  moluccana  (Boehm).  It  includes 
five  previously  described  species,  B.  moluccana  (Boehm),  B.  galoi  (Boehm),  B.  stolleyi  Stevens, 
B.  alfurica  (Boehm)  and  B.  mangolensis  Challinor,  together  with  transitional  forms.  B.  moluccana , 
B.  galoi  and  B.  stolleyi  have  significant  stratigraphic  ranges  and  form  a well-defined  evolutionary 
lineage;  B.  alfurica  and  B.  mangolensis  appear  briefly  and  are  apparently  divergent  side  branches  of 
the  lineage  which  left  no  descendants.  Members  of  the  group  have  been  recorded  widely  throughout 
eastern  Indonesia  (text-fig.  1)  either  under  the  nomenclature  recognized  here  or  as  synonyms  and 
are  also  present  in  Papua  New  Guinea  (Challinor  in  press  b). 

The  earliest  member,  B.  moluccana , first  appears  in  the  early  Oxfordian  (text-figs.  4,  7,  9)  and  is 
succeeded  by  B.  galoi  (Boehm)  in  the  early  Tithonian.  The  latter  is  replaced  in  the  middle  Tithonian 
by  B.  stolleyi  Stevens  which  extends  into  latest  Tithonian  beds.  B.  alfurica  (Boehm)  appears  briefly 
in  the  Kimmeridgian  and  B.  mangolensis  Challinor  briefly  in  the  late  Tithonian.  Time  stratigraphic 
subdivisions  of  the  Indonesian  late  Jurassic  are  not  precise  and  cannot  be  equated  exactly  with 
international  subdivisions.  Problems  associated  with  ages  of  members  of  the  moluccana  lineage  are 
discussed  further  elsewhere  (Challinor  in  press  u,  b). 

Boehm’s  original  discussion  of  B.  moluccana  was  based  on  five  specimens  from  Wai  Galo  and 
three  from  other  regions  of  Taliabu.  His  descriptive  comments  were  minimal  but  his  only  figured 
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specimen  (Boehm  1907,  pi.  11,  fig.  12 a-b)  is  close  to  the  concept  of  moluccana  developed  later  by 
Stolley.  Stolley's  re-description  of  moluccana  is  based  on  numerous  specimens  from  Misool  and 
Yamdena.  Its  most  characteristic  features  are  a very  prominent  ventral  groove,  a strongly 
depressed  cross-section  and  a hastate  guard  in  which  the  widest  point  is  situated  in  the  apical  half 
(Stolley  1929). 

Challinor  and  Skwarko  (1982)  re-described  B.  moluccana  from  Wai  Galo  and  from  near 
Falabisahaya  and  Minaluli,  Sula  Islands.  They  confirmed  the  strongly  depressed  cross-section,  but 
found  that  the  widest  point  on  the  guard  was  situated  at  about  the  midpoint  or  slightly  nearer  the 
protoconch.  Both  the  Wai  Galo  and  Falabisahaya-Minaluli  occurrences  are  near  the  top  of  the 
range  of  B.  moluccana  close  to  the  point  where  transition  to  B.  galoi  occurs.  Forward  movement  of 
the  point  of  maximum  transverse  diameter  is  a critical  feature  of  the  moluccana-galoi  transition. 

Boehm's  figured  specimen  of  B.  galoi  (1907,  pi.  10,  fig.  5a,  b)  is  subadult.  This  figure,  together  with 
his  description  of  the  guard  as  subcylindrical  or  slightly  hastate  with  a 'round'  cross-section  (Boehm 
1907,  p.  72),  establishes  that  his  figured  specimen  is  identical  to  subadult  B.  galoi  studied  here. 
Modern  re-descriptions  of  B.  galoi  (Challinor  in  press  «;  Challinor  and  Skwarko  1982  under  the 
synonyms  B.  aucklandica  galoi  and  B.  a.  similis ) establish  the  relationship  of  such  subadult  guards 
to  fully  mature  specimens.  The  guard  of  B.  galoi  is  very  strongly  grooved,  moderately  depressed  to 
equidimensional  in  cross-section,  slightly  hastate  and  the  point  of  maximum  diameter  is  situated 
near  the  protoconch. 

Stolley  (1929)  doubted  that  galoi  was  a valid  and  distinct  taxon  and  suggested  synonymy  with 
B.  taliabutica  (Boehm).  He  recommended  that  the  name  B.  galoi  be  applied  to  the  specimen  figured 
by  Boehm  (1907,  pi.  11,  fig.  4)  as  B.  cf.  galoi.  This  is  not  acceptable  because  the  original  of  Boehm’s 
pi.  11,  fig.  4,  cannot  now  be  located  and,  more  importantly,  it  is  an  approximately  half  grown 
specimen.  Immature  guards  of  Indo-Pacific  Belemnopsis  may  be  very  different  in  morphology  from 
adults  of  the  same  species. 

B.  stolleyi  Stevens  is  based  on  specimens  from  Yamdena  originally  identified  by  Stolley  (1929)  as 
B.  aucklandica.  Stevens  (1964)  described  a guard  with  a subconical  non-hastate  outline  and  profile, 
equidimensional  cross-section,  deep,  narrow  ventral  groove  and  strong  lateral  lines.  Challinor  and 
Skwarko  (1982)  examined  large  collections  of  well-preserved  B.  stolleyi  from  Minaluli,  Sula  Islands. 
They  confirmed  the  non-hastate  outline  and  profile,  equidimensional  cross-section  and  strong  lateral 
lines  but  found  the  ventral  groove  of  many  large  specimens  was  wide  and  deep  (Challinor  and 
Skwarko  1982,  pi.  16,  fig.  8;  pi.  17,  fig.  6;  pi.  18,  fig.  6).  A narrow  groove  was  found  mostly  in 
immature  guards  and  sometimes  in  the  posterior  region  of  large,  strongly  conical  adults.  The 
specimens  on  which  Stevens’  description  is  largely  based  (Stevens  1964,  pi.  95)  are  mostly  late 
immature  guards  and  their  deep,  narrow  grooves  are  at  least  partly  a result  of  exfoliation  (Challinor 
and  Skwarko  1982)  and  partly  due  to  their  immaturity. 

Boehm  (1907)  based  his  original  description  of  B.  alfurica  on  86  specimens.  He  illustrated  seven; 
four  (1907,  pi.  8,  figs.  7-10)  were  very  small  juveniles;  two  (pi.  8,  figs.  4,  5)  immature  adults;  and 
one  (pi.  8,  fig.  11)  a small  apparently  fully  adult  guard.  His  descriptive  remarks  were  few,  simply 
a comment  on  the  very  strong  ventral  groove  and  well  defined  lateral  lines.  His  figured  specimens 
were  subsequently  lost  and  Stevens  (1963a)  selected  a lectotype  from  the  remaining  topotypes. 
Stolley  (1929)  discussed  B.  alfurica  and  identified  Boehm’s  pi.  8,  fig.  11,  as  B.  cf.  alfurica. 

Boehm’s  specimens  were  collected  from  the  upper  reaches  of  Wai  Lagoi,  Taliabu,  Sula  Islands, 
but  the  river  was  not  relocated  by  Sato  et  al.  during  the  1976  survey  (S.  K.  Skwarko  pers.  comm.). 
However,  they  found  many  specimens  of  B.  alfurica  at  the  confluence  of  Wai  Miha  and  Wai  Betino 
in  southern  Taliabu.  The  collections  contain  small  specimens  similar  to  Boehm’s  figured  juveniles, 
slender  immature  guards  similar  to  Boehm’s  pi.  8,  figs.  4 and  5,  and  to  Stevens’  lectotype,  and 
specimens  as  large  and  larger  than  Boehm’s  pi.  8,  fig.  1 1 . 

Challinor  and  Skwarko  (1982)  described  the  material  and  found  that  the  guard  of  B.  alfurica  is 
cylindrical,  sharply  pointed,  very  slightly  depressed  in  cross-section  and  has  a wide,  deep  and  long 
ventral  groove. 

B.  mangolensis  was  first  described  in  1982  by  Challinor  and  Skwarko  from  specimens  collected 
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by  Sato  et  al.  (1978)  near  Minaluli,  Mangole,  Sula  Islands.  Its  guard  is  relatively  short  and  robust, 
depressed  in  cross-section,  cylindrical  or  subconical  with  a strongly  developed  ventral  groove. 

Distribution  of  the  Moluccana  lineage  in  Misool  Archipelago 

Changes  which  occur  during  evolution  of  the  moluccana  lineage  are  viewed  against  stratigraphic 
distribution  in  Misool  Archipelago  (text-figs.  4,  7,  9).  Misool  contains  the  most  extensive,  complete 
and  well  known  late  Jurassic  sequence  in  eastern  Indonesia  (Pigram  et  al.  1982).  The 
Kimmeridgian-Tithonian  of  Sula  Islands  is  also  moderately  extensive  and  well  known  (Sato  et  al. 
1978;  Challinor  and  Skwarko  1982),  but  the  Oxfordian  has  yielded  few  belemnites  and  no  members 
of  the  moluccana  lineage  except  Belemnopsis  sp.  B.  on  the  Oxfordian-Kimmeridgian  boundary 
(Challinor  and  Skwarko  1982,  text-fig.  3). 

Late  Jurassic  lithology  of  Misool  is  detailed  in  Pigram  et  al.  (1982,  fig.  2)  and  briefly  in  text-figs. 
4,  7,  and  9 here.  Fossil  locality  numbers  in  text-figs.  4,  7,  and  9 preceded  by  81  CP  are  those  occurring 
in  the  Misool  sequence  (details  held  in  computer  data  record,  Misool;  program  IJGMP,  Geological 
Research  and  Development  Centre,  Bandung,  Indonesia).  Localities  with  alphanumeric  des- 
ignations (e.g.  8B,  2D)  are  from  Sula  Islands  (details  in  Sato  et  al.  1978)  and  their  stratigraphic 
relationships  to  adjacent  81CP  localities  are  known  only  approximately. 

Fossil  localities  within  the  Demu  Formation  provide  adequate  stratigraphic  coverage  of  the  unit 
although  gaps  from  which  no  information  is  available  are  present  in  the  lower  and  middle 
formation.  Most  of  the  Lelinta  Shale  is  adequately  covered;  additional  information  is  available 
from  the  Sula  Islands  from  beds  equivalent  to  those  near  the  base  and  at  the  top  of  the  formation. 
Data  of  particular  value  are  available  from  the  Sula  Islands  Kimmeridgian  in  beds  where  the 
transition  from  B.  moluccana  to  B.  galoi  takes  place.  This  interval  is  not  exposed  in  Misool  as  far 
as  is  known  but  is  well  exposed  on  Wai  Galo,  Sula  Islands.  It  includes  the  localities  from  which 
Boehm  originally  described  B.  moluccana , B.  sularum , B.  taliabutica  and  B.  galoi  (Challinor  and 
Skwarko  1982). 

B.  moluccana  appears  near  the  base  of  the  Demu  Formation.  It  extends  into  the  base  of  the 
Lelinta  Shale  where  it  is  replaced  by  B.  galoi , itself  replaced  by  B.  stolleyi  in  the  upper  half  of  the 
formation.  B.  alfurica  and  B.  mangolensis  were  not  found  in  Misool  during  the  1981  survey  and  they 
appear  briefly  in  Sula  Islands  (Challinor  and  Skwarko  1982).  The  late  Jurassic  sequence  of  Misool 
is  much  condensed  relative  to  that  of  Sula  and  if  B.  alfurica  and  B.  mangolensis  are  present  in  Misool 
they  must  occur  in  sets  of  beds  which  have  not  been  located. 

EVIDENCE  OF  EVOLUTIONARY  RELATIONSHIP 

Evidence  which  indicates  that  most  or  all  Indonesian  late  Jurassic  Belemnopsis  are  part  of  an 
evolving  lineage  is  based  on  their  morphology  and  stratigraphic  position.  B.  moluccana , B.  galoi , 
B.  stolleyi , B.  alfurica  and  B.  mangolensis  are  all  large  robust  taxa  similar  in  gross  size  and  all  are 
strongly  grooved.  They  exhibit  several  unidirectional  morphological  trends.  Those  most  evident  are 
a reduction  in  the  amount  of  dorso-ventral  flattening,  a reduction  in  postalveolar  length  and 
forward  movement  of  the  point  of  maximum  width.  Trends  within  the  lineage  are  best  shown  by 
B.  moluccana,  B.  galoi  and  B.  stolleyi.  B.  alfurica  and  B.  mangolensis  appear  briefly  and  either 
anticipate  changes  which  occur  later  in  the  lineage  or,  in  one  instance,  exhibit  reversal  of  a character 
trend. 

B.  moluccana,  B.  galoi  and  B.  stolleyi  occur  in  stratigraphic  succession  without  intervening  gaps. 
Transitional  forms  which  exhibit  a mosaic  of  features  present  in  species  above  and  below  occur  in 
those  stratigraphic  intervals  where  transition  occurs.  If  the  group  is  accepted  as  a lineage  these 
mosaics  can  be  regarded  as  intermediate  forms,  but  if  the  individual  species  are  discrete  taxa  related 
only  at  generic  level,  then  each  morphologically  distinct  transitional  form  must  also  be  regarded  as 
a distinct  taxon.  This  approach  was  adopted  by  earlier  workers  and  is  one  of  the  reasons  why  such 
a diversity  of  names  has  been  proposed  within  the  group. 

Two  groups  of  characteristics  can  be  recognized  in  species  of  the  lineage.  The  first  consists  of 
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features  common  to  all  members  and  reflects  the  close  relationships  present.  These  characteristics 
are  variable  and  better  developed  in  some  species,  but  variation  is  random  and  non-directional.  The 
second  group  consists  of  features  by  which  the  individual  species  are  recognized.  Features  in  this 
group  vary  non-randomly  with  a number  of  unidirectional  changes  persisting  throughout  the 
lineage. 

Morphological  comparisons 

(A)  Randomly  variable  features.  See  plates  63-68. 

Ventral  groove.  In  all  five  species  and  in  transitional  forms  the  ventral  groove  is  wide  and  deep.  It 
commences  at  the  alveolar  rim  and  extends  to  within  a few  mm  of  the  apex.  All  species  include 
individuals  in  which  the  groove  terminates  further  from  the  apex  than  in  most  and  a few  specimens 
in  which  it  is  wider  or  deeper  than  usual.  In  width,  depth,  and  relations  to  guard  diameters  the 
groove  is  similar  in  all  species  (Challinor  and  Skwarko  1982,  text-figs.  16,  21,  26,  33,  38).  The  groove 
of  B.  moluccana  appears  slightly  wider  and  deeper  than  that  of  the  remaining  species  but  its  guard 
is  slightly  more  massive.  Relative  to  guard  diameters  the  groove  is  of  similar  proportions. 

Groove  width  is  at  least  partly  correlated  with  guard  development  and  in  hastate  immature 
specimens  may  be  relatively  narrow  anteriorly.  It  is  also  partly  correlated  with  guard  cross-section 
and  where  this  is  equidimensional,  and  particularly  where  the  guard  is  strongly  conical  and 
constricted  as  in  the  apical  regions  of  some  B.  stolleyi,  the  groove  may  also  be  relatively  narrow. 

Apical  configuration.  In  all  species  and  transitional  forms  the  sides  of  the  guard  at  first  converge 
gradually  towards  the  apex;  over  the  terminal  10-20  mm  they  converge  more  rapidly  blunting  the 
immediate  apical  region.  This  feature  is  best  developed  in  late  B.  moluccana  and  B.  galoi.  A mucro 
may  be  present  in  all  species;  it  is  best  developed  in  late  B.  moluccana  and  B.  galoi  and  less  marked 
and  less  regularly  present  in  the  others.  However,  in  late  members  of  B.  stolleyi  a very  blunt, 
strongly  mucronate  apex  is  sometimes  present.  In  all  species  the  ventral  surface  of  the  immediate 
apical  region  is  inflated  to  a greater  or  lesser  degree,  but  this  is  most  marked  in  late  B.  moluccana 
and  B.  galoi. 

Lateral  lines.  Lateral  lines  are  not  usually  prominent  in  adult  Indo-Pacific  Belemnopsis  and  are 
variably  developed  in  species  of  the  moluccana  lineage.  They  are  of  similar  configuration  in  all 
members;  close  together  and  well  defined  on  the  dorso-lateral  surfaces  of  the  apical  region;  less  well 
defined,  diverging  slowly  and  passing  down  across  the  flanks  of  the  mid  region;  ventrally  placed 
anteriorly  where  they  form  a broad  ventro-lateral  depression.  The  ventral  line  is  better  defined  than 
the  dorsal.  They  are  often  clearly  visible  in  B.  alfurica  and  B.  stolleyi  and  appear  more  strongly 
developed  than  in  other  members.  However,  in  occasional  specimens  of  B.  moluccana , B.  galoi  and 
B.  mangolensis  they  are  clearly  visible.  They  are  more  prominent  in  juvenile  and  immature  guards 
of  all  species  than  in  the  adults. 

Apical  line.  The  position  of  the  apical  line  in  relation  to  dorsal  and  ventral  surfaces  of  the  guard  is 
similar  in  all  species  although  apparently  slightly  more  ventrally  placed  in  B.  alfurica  and  B.  stolleyi 
(Challinor  and  Skwarko  1982,  text-figs.  17,  22,  27,  34,  39). 

(B)  Morphological  trends. 

A small  number  of  basic  features  or  relationships  determine  the  gross  form  of  Belemnopsis  and 
changes  in  these  features  strongly  influence  guard  morphology.  They  include  the  position  of 
maximum  inflation  of  the  guard,  its  length,  and  relationships  between  its  diameters.  These  are  the 
features  which  vary  non-randomly  within  the  lineage  and,  with  one  exception,  they  do  so  in  a 
unidirectional  manner. 

Position  of  maximum  transverse  inflation.  The  position  of  the  widest  point  on  the  guard  determines 
its  hastation  characteristics  and  is  important  in  specific  recognition.  However,  it  is  variable  within 
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text-fig.  3.  Alteration  in  the  position  of  maximum 
transverse  diameter  (W)  during  ontogeny  in  Belem- 
nopsis  galoi.  Y indicates  the  position  of  W in  a 
juvenile  guard,  X its  position  in  an  adult.  Note 
contrasting  outline  of  guards.  Similar  changes  occur 
during  ontogeny  of  all  members  of  the  moluccana 
lineage. 


species  and  can  only  be  determined  reliably  by  examining  many  specimens.  Furthermore,  it  alters 
in  position  during  ontogeny,  becoming  more  anteriorly  placed  as  the  guard  matures.  This  is 
illustrated  in  text-fig.  3 where  the  outline  of  a large  specimen  of  B.  galoi  has  superimposed  upon  it 
the  outline  of  an  immature  specimen.  The  points  of  greatest  diameter  (x  and  v)  are  widely  separate 
producing  contrasting  outlines  in  immature  and  adult  guards.  Similar  changes  take  place  during  the 
ontogency  of  the  other  members  of  the  lineage. 

B.  alfurica  and  B.  mangolensis  are  essentially  non-hastate,  their  guards  being  parallel-sided  for 
most  of  their  length.  B.  moluccana , B.  galoi  and  B.  stolleyi  differ  in  hastation  characteristics  because 
the  point  of  maximum  inflation  is  situated  differently.  It  is  not  always  consistently  placed  in 
individuals  of  any  one  species  due  both  to  inherent  variation  and  to  incomplete  ontogenic  changes 
in  specimens  which  are  not  fully  mature,  and  is  essentially  a population  feature. 

The  original  authors  (or  later  workers)  of  the  three  species  were  quite  specific  about  the  position 
of  maximum  inflation.  Stolley  (1929)  stated  it  was  below  the  mid-point  (i.e.  situated  towards  the 
apex)  in  B.  moluccana ; Challinor  and  Skwarko  (1982)  found  it  to  be  anteriorly  placed  and  near  the 
protoconch  in  B aucklandica  galoi  and  B.  a.  similis  (both  taxa  now  considered  true  B.  galoi , 
Challinor  in  press  a );  Stevens  (1965)  described  the  guard  of  B.  stolleyi  as  non-hastate  in  outline  and 
profile  (i.e.  the  widest  point  is  at  the  anterior  limit).  The  outline  of  succeeding  species  of  the  lineage 
can  be  derived  from  that  of  preceding  ones  by  forward  movement  of  the  point  of  maximum 
diameter.  These  changes  are  illustrated  by  slightly  stylized  diagrams  in  text-fig.  4. 

B.  moluccana  first  appears  in  Misool  at  locality  81CP58  near  the  base  of  the  Demu  Formation 
and  its  last  appearance  is  in  the  lower  Lelinta  Shale  (81CP94,  104).  Throughout  this  interval 
specimens  are  typically  moderately  hastate  and  the  widest  point  is  situated  near  mid-guard  or 
posteriorly  (PI.  63,  figs.  I,  6,  11).  No  exposures  of  the  interval  between  81CP94  and  81CP91A  are 
known  and  at  the  latter  locality  only  B.  galoi  is  present. 

Beds  which  are  apparently  time  equivalent  to  some  of  those  in  the  interval  between  81CP94  and 
81CP91A  are  known  from  the  Sula  Islands  (localities  2D,  8K,  8B,  Challinor  and  Skwarko  1982, 
text-fig.  2).  Only  B.  moluccana  is  present  at  8B,  B.  moluccana  and  B.  galoi  are  associated  at  2D 
(although  probably  not  at  the  same  horizon)  and  only  B.  galoi , or  B.  cf.  galoi , is  present  at  8K.  Not 
all  B.  moluccana  from  these  localities  possess  the  characteristic  outline  of  the  taxon.  In  some  the 
point  of  maximum  transverse  diameter  has  migrated  towards  the  anterior  or  the  guard  is 
approximately  parallel-sided  (PI.  64,  fig.  1)  but  most  specimens  still  retain  the  strongly  depressed 
cross-section  of  B.  moluccana  (see  below). 

The  first  guards  with  the  characteristic  outline  of  B.  galoi  (i.e.  widest  point  located  near 
protoconch)  are  present  at  localities  81CP91A  (PI.  65,  fig.  1)  and  81CP105.  Most  adult  guards 
collected  between  81CP91A  and  81  CP  106-7  have  this  form  but  at  a slightly  higher  locality,  81CP93, 
a population  which  includes  typical  B.  galoi , transitional  forms  and  B.  stolleyi  is  present. 

Most  specimens  found  between  localities  81CP91C  and  81CP01  are  typical  B.  stolleyi  but  it  must 
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text-fig.  4.  Reduction  in  postalveolar  length  during  evolution  of  the  moluccana  lineage.  81  CP  localities  from 
Misool  Archipelago;  others  from  Sula  Islands.  Relative  stratigraphic  position  of  Misool  and  Sula  localities 
approximate;  distributions  viewed  against  stratigraphic  column  of  Misool.  Stratigraphic  ranges  of 
B.  moluccana.  B.  galoi  and  B.  stolleyi  in  Misool  indicated.  Interspecific  changes  in  outline  indicated  by  slightly 
stylized  diagrams.  Circles  indicate  mean  value  of  postalveolar  length,  bars  indicate  range  of  values.  Data  from 
B.  alfurica  indicated  by  filled  circle  at  locality  3E;  from  B.  mangolensis  by  filled  circle  at  locality  8H. 


be  emphasized  that  the  characteristic  outline  of  B.  stolleyi  (widest  point  at  anterior  limit)  is  present 
only  in  fully  mature  specimens.  Immature  guards  in  which  the  widest  point  has  not  migrated  fully 
forward  (PI.  68,  fig.  1)  resemble  mature  specimens  of  B.  galoi  in  outline. 

B.  alfurica  appears  suddenly  at  locality  3E  and  its  cylindrical  guard  and  near  equidimensional 
cross-section  contrasts  markedly  with  the  hastate  strongly  depressed  B.  moluccana  from 
approximately  equivalent  horizons.  Rare  specimens  with  a moderately  depressed  cross-section  (PI. 
64,  fig.  13)  are  associated  with  B.  alfurica  at  locality  3E  and  may  be  specimens  transitional  between 
B.  moluccana  and  B.  alfurica.  In  its  non-hastate  guard  and  equidimensional  cross-section,  B.  alfurica 
anticipates  features  which  become  established  later  in  the  lineage,  but  B.  alfurica  itself  does  not 
persist  and  left  no  known  descendants.  It  was  apparently  an  unsuccessful  evolutionary  development. 

B.  mangolensis  is  known  from  a single  locality,  8H,  where  it  is  associated  with  B.  stolleyi. 
Abundant  B.  stolleyi  occur  stratigraphically  above  and  below.  The  guard  of  B.  mangolensis  is 
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text-fig.  5.  Growth  pattern  in  B.  moluccana.  Open 
circles  plot  postalveolar  length  against  maximum 
sagittal  diameter  in  immature  and  adult  specimens. 
Filled  circles  plot  maximum  sagittal  diameter  against 
postalveolar  length  for  growth  stages  of  a single 
guard.  Growth  curve  by  interpolation  except  for 
earliest  stages.  Crosses  with  X values  between  100  and 
150  mm  are  plots  of  postalveolar  length  against 
maximum  sagittal  diameter  for  early  B.  moluccana ; 
the  dashed  line  is  a hypothetical  curve  for  such  a 
specimen.  Crosses  to  the  left  of  the  solid  growth  curve 
are  plots  from  immature  guards  from  stratigraphic 
positions  between  81CP99  and  81CP94  (see  text-figs. 

4 and  7). 


cylindrical  and  in  this  respect  is  similar  to  individual  B.  stolleyi,  but  it  differs  in  postalveolar  length 
and  cross-section.  Like  B.  alfurica,  B.  mangolensis  is  present  in  only  a narrow  set  of  beds  and  left 
no  descendants. 

Guard  length.  Part  of  the  alveolar  region  is  missing  in  most  belemnites  and  for  this  reason  guard 
length  is  often  expressed  as  postalveolar  length  or  the  relationship  between  postalveolar  length  and 
maximum  diameter.  Both  features  are  relatively  constant  in  adults  of  a given  species. 

The  relationship  between  postalveolar  length  and  maximum  diameter  in  B.  moluccana  is  illustrated 
in  text-fig.  5.  Open  circles  are  observations  from  entire  specimens;  filled  circles  observations  from 
well-marked  growth  stages  within  a single  guard;  the  solid  growth  curve  indicates  changes  in  the 
length  : diameter  ratio  during  ontogeny.  The  dashed  curve  and  observations  indicated  by  crosses  are 
discussed  below. 

Minimum,  mean  and  maximum  values  of  postalveolar  length  for  all  localities  where  sufficient 
data  are  available  are  indicated  in  text-fig.  4.  Means  are  derived  from  between  3 and  22 
observations.  Throughout  the  ranges  of  B.  galoi  and  B.  stolleyi  and  at  the  top  of  the  range  of 
B.  moluccana  means  vary  from  58  to  80  mm.  In  the  lower  part  of  the  B.  moluccana  range  data  are 
available  from  only  two  localities  (81CP99  and  60);  mean  postalveolar  length  is  99  and  1 17  mm, 
respectively.  Although  mean  length  in  early  B.  moluccana  is  clearly  much  greater  than  that  of  later 
members  of  the  taxon  and  of  other  members  of  the  lineage,  not  all  specimens  of  eary  moluccana  are 
long.  In  the  shortest,  postalveolar  length  approaches  that  of  the  longest  specimens  from  higher  in 
the  sequence  (text-fig.  4).  It  is  not  certain  when  reduction  in  length  took  place,  but  it  probably 
occurred  in  mid-Oxfordian  time. 

The  observations  represented  in  text-fig.  5 by  crosses  near  120  mm  on  the  .v-axis  are  those  from 
adult  guards  from  localities  81CP60  and  81CP99.  The  dashed  line  is  an  estimated  growth  curve  for 
a similar  specimen  and  its  shape  is  based  on  that  of  the  plotted  solid  growth  curve.  No  sufficiently 
complete  adults  were  collected  from  between  localities  81CP99  and  81CP101  to  allow  direct 
determination  of  postalveolar  length  in  mature  specimens  from  this  interval.  Several  immature 
guards  were  found  at  localities  81CP96,  97  and  100;  these  are  represented  by  crosses  adjacent  to  the 
solid  growth  curve  of  text-fig.  5.  If  these  young  specimens  are  immature  guards  of  long  forms  such 
as  those  from  81CP60  and  81CP99  they  should  plot  close  to  the  (hypothetical)  dashed  curve.  Their 
location  adjacent  to  the  solid  (observed)  curve  suggests  they  are  immature  guards  of  short  forms. 
Long  forms  of  B.  moluccana  may  therefore  be  restricted  to  the  lower  part  of  its  range. 

The  postalveolar  length  of  B.  mangolensis  is  clearly  less  than  that  of  other  members  of  the  lineage 
and,  because  its  diameter  is  similar,  it  is  a more  robust  species.  Length  reduction  in  B.  mangolensis 
continues  a trend  developed  earlier  in  the  lineage.  B.  alfurica  is  not  significantly  different  in  length 
from  B.  galoi , B.  stolleyi  and  late  B.  moluccana. 
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text-fig.  6.  Relationship  between  transverse  and 
sagittal  diameter  in  B.  moluccana.  A,  observations 
from  the  anterior  half  of  the  guard;  B,  from  the 
posterior  half;  C,  approximate  points  of  measurement 
for  graphs  A and  B.  Note  that  in  both  A and  B, 
observation  points  diverge  gradually  from  the  line 
X = Y.  This  results  from  increasing  depression  of  the 
cross-section  as  the  guard  matures.  Note  also  that  the 
observations  in  B are  placed  slightly  further  from  the 
line  X = Y than  in  A,  indicating  that  the  cross-section 
is  more  depressed  in  the  posterior  half  of  the  guard. 


Relationship  between  diameters.  Diametral  relationships  are  probably  the  most  consistent  and  stable 
feature  of  the  guard  of  Belenmopsis.  Diametral  measurements  are  easily  obtained  and  can  be  derived 
from  fragmentary  guards.  In  this  paper  relationship  between  diameters  is  expressed  as  the  index  of 
flattening  A.  Transverse  diameter  x 100 

A — 

Sagittal  diameter 

When  diameters  are  equal,  A has  a value  of  100.  If  transverse  diameter  is  greater  than  sagittal  (i.e. 
the  guard  is  depressed  in  cross-section)  A exceeds  100.  When  sagittal  diameter  is  greater  the  guard 
is  compressed  and  A is  less  than  100. 

Taxonomic  studies  usually  examine  guard  cross-sections  at  two  or  more  points  because  diametral 
relationships  differ  at  different  points  on  the  guard.  They  also  change  during  ontogeny  (text-fig.  6). 
For  comparative  purposes  measurements  should  be  made  near  the  same  point  on  the  guard  and  on 
specimens  of  similar  ontogenetic  ages.  Provided  these  conditions  are  observed,  diametral  relation- 
ships are  remarkably  stable  within  species  and  correlation  coefficients  as  high  as  0-98  have  been 
recorded  in  other  belemnite  genera  (Challinor  1975;  Christensen  1974).  To  simplify  presentation, 
diametral  relationships  are  examined  in  this  study  at  only  one  point  about  midway  along  the  guard. 

Mean  values  for  A for  each  locality  are  indicated  by  circles  in  text-fig.  7.  Horizontal  bars  indicate 
the  approximate  range  of  values  for  the  population  present  at  each  locality  and  are  arrived  at  by 
extending  them  3cm- 1 each  side  of  the  sample  mean.  The  very  large  (and  probably  false) 
approximate  range  of  values  at  locality  81  CP  100  results  from  a sample  of  two  specimens  whose  A 
values  (indicated  by  vertical  dashes  on  the  range  bar)  are  widely  divergent.  Means  and  approximate 
ranges  at  each  locality  are  derived  from  between  2 and  32  observations. 

Throughout  the  range  of  B.  moluccana  values  remain  relatively  constant.  Some  variation  between 
localities  is  evident  and  means  range  from  119  to  113  but  high  and  low  values  are  present 
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text-fig.  7.  Reduction  in  value  of  the  index  A 
(relationship  between  diameters)  during  evolution  of 
the  moluccana  lineage.  81  CP  localities  from  Misool 
Archipelago;  others  from  Sula  Islands.  Relative 
stratigraphic  position  of  Misool  and  Sula  localities 
approximate;  distributions  viewed  against  strati- 
graphic column  of  Misool.  Stratigraphic  ranges  of  B. 
moluccana , B.  galoi  and  B.  stolleyi  in  Misool  indi- 
cated. Circles  indicate  mean  value  of  A at  each 
locality;  horizontal  bars  approximate  range  of  values. 
Data  from  B.  alfurica  indicated  by  filled  circle  at  3E; 
from  B.  mangolensis  by  filled  circle  at  8H. 


FORMATION 

FOSSIL 

LOCALITY 


VALUE  OF  INDEX  A 


STRATIGRAPHIC 

RANGE 


throughout  the  range.  A sudden  decrease  in  A occurs  in  the  Misool  sequence  where  transition  from 
B.  moluccana  to  B.  galoi  takes  place.  The  value  at  the  highest  B.  moluccana  locality  (81CP94)  is  117, 
at  the  lowest  B.  galoi  locality  (81CP91A)  106.  A similar  transition  takes  place  in  the  Sula  Islands 
near  Minaluli  between  localities  8B  and  8K.  B.  moluccana  from  8B  have  a mean  A of  1 16.  This 
locality  contains  Retroceramus  subhaasti  (Wandel)  and  ‘ Buchia'  sp.  and  is  of  approximately  the 
same  age  as  81CP91A  in  Misool  where  Malayomaorica  malayomaorica  (Krumbeck)  and  R.  cf. 
haasti  (Hochstetter)  are  present.  B.  galoi  from  8K  has  a mean  A of  107.  Although  8B  and  8K  are 
in  different  sections  (Sato  et  al.  1978,  fig.  7)  8K  also  contains  R.  haasti  (Hochstetter)  and  ' Buchia ’ 
sp.  and  must  be  stratigraphically  close  to  8B. 

A collection  from  locality  2D,  Wai  Galo,  contains  R.  1 galoi  (Boehm),  M.  malayomaorica 
(Krumbeck),  several  B.  galoi  (mean  A 107)  and  two  specimens  of  B.  moluccana , one  with  an  A 
of  115,  one  with  109.  This  locality  apparently  represents  the  actual  transition  zone  between 
B.  moluccana  and  B.  galoi. 

Throughout  the  lower  half  of  the  range  of  B.  galoi  values  of  A remain  close  to  106  (localities 
81CP91A,  105,  108,  2D,  8K);  near  the  zone  mid-point  the  value  drops  to  near  100  (localities 
81CP106,  107)  and  remains  approximately  the  same  throughout  the  remainder  of  the  range  of 
B.  galoi  and  the  whole  of  the  range  of  B.  stolleyi.  Early  members  of  B.  galoi  can  be  recognized  by  their 
moderately  depressed  cross-section;  late  members  cannot  be  separated  from  B.  stolleyi  by  cross- 
section  characteristics  alone. 
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text-fig.  8.  Symbols,  dimensions,  specimen  orienta- 
tion, preparation,  scale  of  illustrations  in  Plates 
63-68.  (P)  Approximate  position  of  protoconch. 
Determined  by  measuring  the  dorso-ventral  diameter 
of  the  alveolus  at  the  anterior  break  and  locating  the 
protoconch  using  the  mean  dorso-vental  alveolar 
angle  of  members  of  the  moluccana  lineage.  (W) 
Approximate  point  of  maximum  transverse  diameter. 
When  the  widest  point  is  located  within  a region  of 
approximately  equal  width,  W is  placed  at  its 
midpoint.  (D)  Approximate  point  of  maximum 
sagittal  diameter.  (106)  Value  of  the  index  A at 
indicated  point  on  the  guard  or  of  illustrated  cross- 
section.  Long  views  photographed  in  ventral  aspect 
(outline,  ventral  groove  facing  camera)  and  left  lateral 
aspect  (profile,  ventral  groove  facing  left).  Scale.  Long 
views  x 1.  Transverse  sections  and  apical  views  x 2. 
Some  specimens  coated  with  ammonium  chloride, 
some  uncoated.  IMC  472.  Catalogue  number  of 
specimen  held  in  the  Indonesian  Macropaleontology 
Collection,  Geological  Research  and  Development 
Centre,  Bandung,  Indonesia. 

Both  B.  alfurica  and  B.  mangolensis  differ  in  values  of  mean  A from  other  species  of  the  lineage 
at  or  near  their  respective  horizons.  B.  alfurica  (A  = 102)  is  significantly  less  depressed  in  cross- 
section  than  the  contemporaneous  B.  moluccana  but,  as  mentioned  above,  anticipates  later 
developments  within  the  group.  On  the  other  hand,  B.  mangolensis  exhibits  a reversal  of  the  trend 
towards  lower  values  of  A.  Its  mean  A of  105  is  markedly  greater  than  that  of  B.  stolleyi  (A  = 100) 
below,  at,  and  above  its  horizon,  and  is  similar  to  that  of  early  B.  galoi  much  earlier  in  the  lineage. 

Profile  of  guard.  Maximum  transverse  and  sagittal  diameters  are  usually  almost  coincident  in 
Belenmopsis.  When  the  position  of  maximum  transverse  diameter  alters  so  does  the  position  of 
maximum  sagittal  diameter.  However,  the  profile  of  Belenmopsis  is  usually  less  hastate  than  the 
outline  and  sometimes  non-hastate  when  the  outline  is  significantly  hastate. 
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Figs.  I 14.  Belenmopsis  moluccana  (Boehm).  1,  2,  IMC  472.  Locality  81CP60,  east  of  Yefbie  Island,  Misool, 
lower  Demu  Formation,  early  Oxfordian.  1,  ventral,  2,  left  lateral,  x 1.  3,  4,  J28281.  Weber  Collection, 
Natural  History  Museum,  Basel,  Switzerland,  Yamdena,  plaster  cast,  3 ventral,  4 left  lateral,  x 1 . 5,  IMC  479. 
Locality  81CP99,  Demu  Islands,  Misool,  middle  Demu  Formation,  Oxfordian,  ventral  view,  x 1.  6,  IMC 
476.  Locality  81CP99,  Demu  Islands,  Misool,  middle  Demu  Formation,  Oxfordian,  ventral  view,  x 1.  7, 
IMC  480.  Locality  81  CP  157,  near  Mateganan  Island,  Misool,  lower  Demu  Formation,  early  Oxfordian, 
apical  view,  x 2.  8,  IMC  486.  Locality  81CP96,  Demu,  Misool,  lower  Lelinta  Shale,  Oxfordian,  transverse 
section,  x 2.  9,  IMC  483.  Locality  81CP94,  Demu,  Misool,  lower  Lelinta  Shale,  Oxfordian,  transverse 
section,  x2.  10  IMC  484.  Locality  8B,  Falabisahaya,  Mangole,  Sula  Islands,  Kimmeridgian,  transverse 
section,  x2.  11,  12,  IMC  488.  Locality  81CP104,  Bega  Bay,  Misool,  lower  Lelinta  Shale,  Kimmeridgian, 
I I,  ventral,  12  left  lateral,  x 1.  13,  14,  IMC  478.  LocalRy  81CP159,  near  Mateganan  Island,  Misool.  lower 
Demu  Formation,  early  Oxfordian,  13,  ventral,  14,  left  lateral,  x 1. 

IMC  472,  478  and  480  are  early  members  of  the  taxon.  Note  great  length  of  IMC  472  and  strongly  depressed 
cross-section  in  IMC  480.  J28281  was  figured  by  Stolley  (1929,  pi.  3,  fig.  1).  Its  horizon  is  unknown  but 
morphology  suggests  it  is  of  Kimmeridgian  age.  Its  slightly  depressed  cross-section  (if  cast  is  a true  replica), 
outline  and  profile  are  close  to  B.  galoi  (Boehm).  Note  regularly  tapering  somewhat  elongate  apical  regions  of 
IMC  476  and  479  typical  of  most  members  of  the  taxon.  IMC  483,  484,  486  have  typical  cross-sections.  IMC 
488  is  a strongly  hastate,  strongly  depressed,  immature  guard. 
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The  profile  of  B.  moluccana  is  usually  less  hastate  than  the  outline;  most  specimens  from  the  lower 
and  middle  parts  of  its  range  are  hastate  to  some  degree  (PI,  63,  figs.  2 and  12).  Non-hastate 
specimens  appear  near  the  top  of  the  range;  in  these,  dorsal  and  ventral  surfaces  are  sub-parallel 
(PI.  64,  fig.  2). 

B.  galoi  may  be  slightly  hastate  in  profile  and  in  these  specimens  dorsal  and  ventral  surfaces 
converge  slightly  in  the  alveolar  region  (PI.  65,  figs.  2 and  7).  Many  are  either  cylindrical  or 
subconical  (PI.  65,  fig.  9).  B.  stolleyi  is  non-hastate  in  profile,  often  subconical  (PI.  66,  fig.  10).  Both 
B.  alfurica  (PI.  64,  figs.  6 and  9)  and  B.  mangolensis  (PI.  68,  figs.  6 and  12)  are  non-hastate  in  profile. 
Changes  in  profile  are  unidirectional  and  correlate  with  changes  in  outline,  but  are  less  marked. 

It  could  be  argued  that  differences  between  early  and  late  morphs  of  B.  moluccana  and  early  and 
late  morphs  of  B.  galoi  are  as  great  as  those  between  recognized  species  of  the  lineage,  and  that  the 
morphs  should  be  assigned  at  least  subspecific  status.  There  are  practical  difficulties  involved  in  this 
approach.  Early  forms  of  B.  moluccana  in  which  the  guard  is  long  can  only  be  recognized  when  all 
or  at  least  most  of  the  guard  is  preserved  and  this  is  frequently  not  the  case.  Cross-section  differences 
between  early  and  late  B.  galoi  are  apparent  only  at  population  level.  Variation  is  such  that  less 
depressed  members  of  early  populations  cannot  be  distinguished  from  more  depressed  members  of 
later  populations. 

Juvenile  and  immature  guards 

Because  they  are  usually  hastate  and  the  point  of  maximum  diameter  is  situated  further  towards  the 
apex  than  in  adults,  juvenile  and  immature  guards  differ  in  appearance  from  the  corresponding 
adult.  As  a general  statement  very  young  specimens  (e.g.  Boehm  1907,  pi.  8,  figs.  7-10;  Challinor 
and  Skwarko  1982,  pi.  14,  figs.  I and  2;  and  PI.  65,  figs.  10-13,  PI.  68,  fig.  1 1 here)  are  impossible  to 
identify  as  particular  species  unless  they  are  accompanied  by  adults  and  it  is  difficult  to  be  confident 
of  many  immature  adults. 

Young  guards  of  B.  moluccana  can  often  be  recognized  from  their  strongly  depressed  cross- 
section  and  generally  symmetrical  and  regularly  curved  outline  (PI.  63,  fig.  13).  Specimens  from 
close  to  the  point  where  the  B.  moluccana-galoi  transition  occurs  may  be  more  difficult  to  recognize, 
particularly  if  they  are  individuals  in  which  the  cross-section  is  not  particularly  depressed. 

Many  juvenile  and  immature  B.  mangolensis  are  relatively  easily  identified  because  their  short 
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Figs.  I^L  Belemnopsis  moluccana  (Boehm),  Kimmeridgian,  Sula  Islands.  1.  2,  IMC  271.  Locality  8B, 
Falabisahaya,  Mangole,  1,  ventral,  2,  left  lateral,  x 1.  3,  4,  IMC  269.  Locality  2D,  Wai  Galo,  Taliabu,  3, 
ventral,  4,  left  lateral,  x 1. 

Figs.  5-12.  Belemnopsis  alfurica  (Boehm),  Kimmeridgian,  Sula  Islands.  5,  6,  IMC  254.  Locality  3ES,  Wai  Miha, 
Taliabu,  5,  ventral,  6,  left  lateral,  x 1.  7,  IMC  259.  Locality  3E,  Wai  Miha,  Taliabu,  ventral  view,  x 1.  8, 
9,  IMC  263.  Locality  3E,  Wai  Miha,  Taliabu,  8,  ventral,  9,  left  lateral,  x 1.  10,  IMC  550.  Locality  3E,  Wai 
Miha,  Taliabu,  transverse  section,  x 2.  11,  IMC  549.  Locality  3E,  Wai  Miha,  Taliabu,  transverse  section, 
x 2.  12,  IMC  262.  Locality  3E4,  Wai  Miha,  Taliabu,  ventral  view,  x 1. 

Fig.  13.  Belemnopsis  cf.  alfurica  (Boehm),  Kimmeridgian,  Sula  Islands.  IMC  258.  Locality  3E,  Wai  Miha, 
Taliabu,  ventral  view,  x 1. 

IMC  269  and  271  are  late  members  of  B.  moluccana  from  close  to  the  transition  zone  between  B.  moluccana 
and  B.  galoi.  Note  the  blunt  apex  of  both  specimens  and  the  subcylindrical  outline  and  anterior  position  of  the 
point  of  maximum  diameter  in  IMC  271.  The  well-defined  lateral  lines  are  not  typical.  IMC  254  is  a larger 
specimen  of  B.  alfurica  than  those  figured  by  Boehm  (1907,  pi.  8).  IMC  263  is  a similar  sized  but  more  robust 
specimen  than  Boehm’s  pi.  8,  fig.  lift,  IMC  259  a slightly  hastate  late  immature  guard;  IMC  262  is  similar 
to  Boehm’s  pi.  8,  Fig.  5 ft  and  the  lectotype  of  Stevens  ( 1963m  pi.  1 , fig.  1 ).  Note  the  quite  different  cross-section 
of  IMC  549  and  550  and  cylindrical,  sharply  pointed  guard  of  the  other  B.  alfurica  compared  with  B.  moluccana 
from  nearby  horizons.  The  hastate  outline  and  depressed  cross-section  of  IMC  258  suggest  il  may  be 
transitional  between  B.  moluccana  and  B.  alfurica.  IMC  258  was  illustrated  as  B.  alfurica  (Boehm)  by  Challinor 
and  Skwarko  (1982). 
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guards  are  comparatively  robust,  symmetrical  in  outline  and  quite  strongly  hastate  (PI.  68,  figs.  13, 
14).  However,  less  strongly  hastate  specimens  (PI.  68,  fig.  16)  may  be  confused  with  other  species. 
Their  moderately  depressed  cross-section  is  a useful  indication  of  identity  if  stratigraphic  horizon 
is  known. 

Young  guards  of  B.  alfurica  (PI.  64,  figs.  12  and  13),  B.  galoi  (PI.  65,  figs.  10-13)  and  B.  stolleyi  (PI. 
67,  figs.  10-12)  present  particular  problems.  Early  B.  galoi  may  sometimes  be  recognized  from  their 
cross-section  (but  may  be  confused  with  late  B.  moluccana)  but  apart  from  this,  cross-sections  are 
similar.  All  three  species  may  vary  in  form  from  slender  and  elongate  (PI.  65,  fig.  1 1 ) to  more  robust 
and  hastate  (PI.  67,  fig.  10)  and  the  point  of  maximum  diameter  varies  in  position.  The  more  slender 
and  sharply  pointed  apical  regions  of  B.  alfurica  and  the  sometimes  more  anteriorly  placed  widest 
point  of  B.  stolleyi  may  be  of  value  in  assisting  identification,  but  it  is  difficult  to  be  objective  when 
such  slight  differences  in  form  are  being  evaluated. 

TRANSITIONAL  ZONES  AND  SPECIMENS 

Major  changes  in  form  occur  at  four  points  on  the  moluccana  lineage  (text-figs.  4 and  7).  The  first 
occurs  low  in  the  range  of  B.  moluccana  and  is  marked  by  a substantial  reduction  in  guard  length. 
The  second  involves  a change  in  diametral  relationships  and  at  approximately  the  same  time  the 
point  of  maximum  diameter  of  the  guard  moves  anteriorly.  These  two  changes  mark  the  appearance 
of  B.  galoi  (text-figs.  4 and  7).  The  third  is  a further  change  in  diametral  relationships  and  occurs 
near  the  mid-point  of  the  range  of  B.  galoi  (text-fig.  7).  The  fourth  is  a movement  of  the  point  of 
maximum  diameter  to  the  anterior  limit  of  the  guard;  it  takes  place  at  the  point  where  B.  stolleyi 
appears  (text-fig.  4). 

The  reduction  in  mean  guard  length  early  in  the  time  range  of  B.  moluccana  is  not  well  documented 
but  it  seems  to  take  place  in  the  Misool  sequence  somewhere  above  locality  81CP99  (text-fig.  4). 

The  changes  which  take  place  near  the  B.  moluccana-B.  galoi  transition  are  among  the  most 
significant  that  occur  during  the  lineage.  The  relevant  stratigraphic  interval  is  not  well 
documented  in  Misool,  but  localities  8B,  2D,  8K,  3E,  of  Sula  Islands  are  located  within  or  near  this 
interval.  Evidence  correlating  these  localities  is  mostly  based  on  the  common  presence  of 
Retroceramus  and  Malayomaorica , but  stratigraphic  and  morphological  evidence  from  members  of 
the  moluccana  lineage  also  supports  this  placing. 

Localities  2D  and  8B  include  some  10  m of  beds  (Sato  et  al.  1978)  and  contain  B.  moluccana  and 
B.  galoi  (2D)  or  B.  moluccana-B.  galoi  transitionals  (8B).  Locality  8K  includes  ca.  50  m of  beds  and 
contains  B.  moluccana-B.  galoi  transitionals  (PI.  66,  fig.  1)  although  most  specimens  are  B.  galoi 
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Figs.  1-13.  Belemnopsis  galoi  { Boehm).  1,  2,  IMC  500.  Locality  81CP91A,  Facet  Island,  Misool,  Lelinta  Shale, 
Tithonian,  1,  ventral,  2.  left  lateral,  x 1.  3,  IMC  513.  Locality  81CP93,  Facet  Island,  Misool,  Lelinta  Shale, 
Tithonian,  ventral  view,  x 1.  4,  IMC  495.  Locality  8K,  Minaluli,  Mangole,  Sula  Islands,  Kimmeridgian, 
transverse  section,  x 2.  5,  IMC  524.  Locality  81  CP  106,  Bega  Bay,  Misool,  Lelinta  Shale,  Tithonian, 
transverse  section,  x 2.  6,  7,  IMC  521.  Locality  81  R78,  Upper  Gam  River,  Misool,  Lelinta  Shale,  Tithonian. 
6,  ventral,  7,  left  lateral,  x 1.  8,  9,  IMC  291.  Locality  8K,  Minaluli,  Mangole,  Sula  Islands,  Kimmeridgian- 
Tithonian.  8,  ventral,  9,  left  lateral,  x 1.  10,  IMC  504.  Locality  1CP  Wai  Kronci,  Taliabu,  Sula  Islands, 
Tithonian,  ventral  view,  x 1.  11,  IMC  505.  Locality  8K,  Minaluli,  Mangole,  Sula  Islands,  Tithonian,  ventral 
view,  x 1.  12,  IMC  289.  Locality  8K,  Minaluli,  Mangole,  Sula  Islands,  Tithonian,  ventral  view,  x 1.  13,  IMC 
507.  Locality  81  CP  106,  Bega  Bay,  Misool,  Lelinta  Shale,  Tithonian,  ventral  view,  x 1. 

IMC  289,  291,  494,  500  and  505  are  early  members  of  the  taxon.  IMC  507,  513,  521,  524  and  probably  504 
are  late  members.  Note  the  moderately  to  strongly  depressed  cross-section  of  early  forms  and  equidimensional 
cross-section  of  later  forms.  IMC  521  is  a particularly  large  specimen  but  in  outline  and  profile  is  similar  to 
smaller  specimens  (e.g.  IMC  513).  IMC  291  resembles  a specimen  from  Facet  Island  illustrated  by  Stevens 
(19636,  pi.  99,  figs.  6-9)  as  B.  uhligi. 
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(Challinor  and  Skwarko  1982,  pis.  13  and  14).  A values  for  these  localities  are  given  in  text-fig.  7. 
Locality  3E2  contains  specimens  similar  to  B.  galoi  in  cross-section  but  like  immature  B.  moluccana 
in  outline  and  profile  (those  originally  described  as  B.  sp.  C,  Challinor  and  Skwarko  1982). 
B.  alfurica  is  also  present  near  this  locality  (text-fig.  9)  and  the  moluccana  lineage  is  particularly 
variable  near  this  stratigraphic  position. 

Moderately  or  strongly  depressed  B.  galoi  occur  in  Misool  at  locality  81  CP  105  Bega  Bay  and 
81CP91A  Facet  Island  (text-figs.  2,  7).  Both  localities  contain  Retroceramus  and  Malayomaorica 
and  the  belemnite  Hibolithes  compressus  Stolley.  The  latter  is  known  only  from  81  CP  105  and 
8 1 CP9 1 A (Challinor  in  press  a)  and  suggests  close  stratigraphic  correlation  between  the  localities.  All 
known  specimens  which  exhibit  features  transitional  between  B.  moluccana  and  B.  galoi  are  from 
beds  which  appear  to  represent  a relatively  short  time  interval.  In  Misool  the  transitional  beds  are 
located  between  81CP94  and  81CP91A  (some  15  m)  suggesting  that  the  changes  which  transform 
B.  moluccana  into  B.  galoi  took  place  rapidly. 

Eastern  Facet  Island  contains  a continuous  uniformly  dipping,  but  only  partly  exposed,  section 
ca.  47  m thick  in  which  the  transition  from  B.  galoi  to  B.  stolleyi  can  be  demonstrated.  Locality 
81CP91A  at  its  northeastern  corner  (text-fig.  2)  is  the  stratigraphically  lowest  known  outcrop  of 
Lelinta  Shale  on  the  island  and  spans  some  10  m of  beds  containing  well-preserved  early  B.  galoi 
(PI.  65,  fig.  1 ).  Successively  higher  horizons  contain  B.  galoi  and  B.  galoi — B.  stolleyi  transitionals 
(81CP91B,  specimens  mostly  abraded  float),  abundant  B.  stolleyi  and  Buchia  (81CP91C),  and 
scattered  B.  stolleyi  and  inoceramids  (81CP91D). 

Locality  81CP93  on  the  northwest  coast  of  Facet  Island  can  be  correlated  with  81CP91B  and  C 
by  its  Belemnopsis  and  by  the  presence  at  the  top  of  both  sections  of  maroon  Buchia- bearing 
siltstones.  81CP93  spans  some  15  m of  beds  and  contains  well-preserved  late  B.  galoi  (PI.  65,  fig.  3) 
transitional  forms  (PI.  66,  figs.  4—6)  and  specimens  which  approach  B.  stolleyi  in  form  (PI.  66, 
fig.  12). 

Transition  from  B.  moluccana  to  early  and  late  B.  galoi  can  be  demonstrated  on  the  western  side 
of  Bega  Bay  (text-fig.  2,  localities  81  CP  104,  105,  106)  but  higher  beds  containing  B.  stolleyi  are  not 
exposed  and  the  section  is  complicated  by  folding.  In  western  Misool  (text-fig.  2,  localities 
81CP01-81CP10)  transition  from  late  B.  galoi  to  B.  stolleyi  takes  place  in  a sequence  of  calcareous 
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Figs.  I,  2,  5,  6.  Belemnopsis  cf.  galoi  (Boehm).  1,  2,  IMC  281.  Locality  8K,  Minaluli,  Mangole,  Sula  Islands, 
?Tithonian,  1,  ventral,  2,  left  lateral,  x 1. 5, 6,  IMC  518.  Locality  81CP93,  Facet  Island,  Misool,  Lelinta  Shale, 
Tithonian,  5 ventral,  6 left  lateral,  x 1. 

Figs.  3,  4.  Belemnopsis  galoi  (Boehm).  3,  IMC  499.  Locality  81CP91A,  Facet  Island,  Misool,  Lelinta  Shale, 
Tithonian,  ventral  view,  x 1.4,  IMC  517.  Locality  8K,  Minaluli,  Mangole,  Sula  Islands,  ? Tithonian,  ventral 
view,  x 1. 

Figs.  7,  8,  11,  12.  Belemnopsis  cf.  stolleyi  Stevens,  Tithonian.  7,  IMC  537.  Locality  81,  Minaluli,  Mangole,  Sula 
Islands,  transverse  section,  x 2.  8,  IMC  522.  Locality  81CP91B,  Facet  Island,  Misool,  Lelinta  Shale, 
transverse  section,  x2.  II,  IMC  521.  Locality  81CP91B,  Facet  Island,  Misool,  Lelinta  Shale,  transverse 
section,  x 2.  12,  IMC  517.  Locality  81CP93,  Facet  Island,  Misool,  Lelinta  Shale,  ventral  view,  x 1. 

Figs.  9,  10,  13.  Belemnopsis  stolleyi  Stevens.  9,  10,  IMC  530.  Locality  81R76,  Upper  Gam  River,  Misool, 
Lelinta  Shale,  Tithonian,  9,  ventral,  10.  left  lateral,  x 1.  13,  IMC  538.  Locality  8G,  Minaluli,  Mangole,  Sula 
Islands,  Late  Tithonian,  transverse  section,  x 2. 

IMC  499  and  517  are  immature  early  members  of  B.  galoi  both  with  moderately  depressed  cross-sections. 
IMC  281  resembles  a specimen  illustrated  by  Boehm  (1907,  pi.  1 1,  fig.  106)  as  B.  sularum.  The  slightly  hastate 
outline  and  blunted  apical  region  of  IMC  518  suggests  B.  galoi , but  in  general  appearance  the  specimen 
approaches  B.  stolleyi.  The  stratigraphic  position  of  IMC  521,  522  and  537  places  them  in  or  near  the 
B.  galoi-  B.  stolleyi  transition  zone  and  they  are  incomplete  specimens  difficult  to  assign  with  certainty  to  either 
species.  IMC  517  approaches  B.  stolleyi  in  general  appearance  but  its  outline  is  B.  galoi- like  in  some  respects. 
IMC  530  is  a particularly  large  fully  conical  specimen  of  B.  stolleyi  and  IMC  538  is  from  high  in  the  B.  stolleyi 
zone  of  Sula. 
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sandstones  and  siltstones.  It  is  difficult  to  demonstrate  convincingly  due  to  structural  complications 
and  to  poorly  preserved  specimens,  a result  of  extraction  from  relatively  hard  sediments.  No  early 
B.  galoi  are  known  from  western  Misool. 

Specimens  transitional  between  B.  galoi  and  B.  stolleyi  were  not  originally  recognized  in  Sula 
Islands  by  Challinor  and  Skwarko  (1982)  but  re-examination  of  collections  from  locality  81  reveals 
B.  galoi- like  forms,  B.  galoi-B.  stolleyi  transitionals  and  typical  B.  stolleyi.  The  transition  zone  in 
the  Sula  Islands  is  present  between  localities  8K  and  81  south  of  Minaluli,  somewhere  within  a 
section  at  least  120  nr  thick.  The  Tithonian  sequence  of  Sula  is  very  much  thicker  (ca.  520  m near 
Minaluli,  Sato  et  al.  1978)  than  that  of  Misool  {ca.  60  m on  Facet  Island)  and  contains  many 
horizons  with  abundant  B.  stolleyi  (Challinor  and  Skwarko  1982). 

Changes  in  cross-section  between  early  and  late  B.  galoi  appear  to  take  place  rapidly  between 
localities  81  CP  108  and  106.  However,  most  collections  of  early  B.  galoi  contain  a few  relatively 
undepressed  specimens  and  it  is  possible  that  this  morphotype  gradually  increases  in  frequency 
throughout  the  lower  range  of  B.  galoi.  Cross-section  changes  may  in  fact  simply  be  a continuation 
of  those  which  mark  the  transition  from  B.  moluccana  to  early  B.  galoi. 

In  Misool  changes  in  cross-section  which  occur  between  B.  moluccana  and  late  B.  galoi  take  place 
throughout  a stratigraphic  interval  which  is  only  a small  part  of  that  of  the  whole  moluccana  lineage 
(text-fig.  7)  and  in  these  terms  are  relatively  rapid.  Changes  in  cross-section  between  B.  moluccana 
and  B.  alfurica  and  changes  in  cross-section  and  length  between  B.  stolleyi  and  B.  mangolensis  also 
seem  to  have  been  rapid.  Most  major  changes  in  morphology  during  evolution  of  the  lineage  appear 
to  have  taken  place  relatively  suddenly  and  are  best  interpreted  in  terms  of  the  punctuated 
equilibrium  model  of  evolution  proposed  by  Eldredge  and  Gould  (1972).  A possible  exception  is  the 
reduction  in  postalveolar  length  in  early  B.  moluccana , which  may  have  taken  place  more  slowly  but 
the  evidence  is  not  conclusive. 

STRATIGRAPHIC  POSITIONS  OF  EARLY  COLLECTIONS 

The  stratigraphic  position  of  taxa  described  or  discussed  by  earlier  workers  and  synonymous  with 
members  of  the  moluccana  lineage  can  be  assessed  by  evaluating  morphology  of  their  figured 
representatives  and  by  considering  comments  on  morphology,  stratigraphic  position  and 
geographical  locality  by  their  authors.  Morphology  of  figured  specimens  alone  is  not  conclusive 
because  usually  few  specimens  are  illustrated  and  a reliable  indication  of  stratigraphic  position  can 
only  be  gained  from  the  examination  of  reasonably  large  samples.  Often  geographic  and 
stratigraphic  information  is  not  clearly  stated  by  the  original  authors  and  interpretation  is 
necessary. 
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Fig.  1.  Belemnopsis  cf.  stolleyi  Stevens.  IMC  535.  Locality  81R76,  Upper  Gam  River,  Misool,  Lelinta  Shale, 
Tithonian,  ventral  view,  xl. 

Figs.  2-12.  Belemnopsis  stolleyi  Stevens,  late  Tithonian.  2,  3,  IMC  303.  Locality  8G,  Minaluli,  Mangole,  Sula 
Islands,  2,  ventral,  3,  left  lateral,  x 1.  4,  5,  IMC  536.  Locality  8H,  Minaluli,  Mangole,  Sula  Islands,  4, 
ventral,  5,  left  lateral,  x 1 . 6,  IMC  309.  Locality  8G,  Minaluli,  Mangole,  Sula  Islands,  ventral  view,  x 1.  7, 
IMC  527.  Locality  81CP91C,  Facet  Island,  Upper  Lelinta  Shale,  ventral  view,  x 1 . 8,  9,  IMC  531.  Locality 
8H.,,  Minaluli,  Mangole,  Sula  Islands,  8,  ventral,  9,  left  lateral,  x 1.  10,  IMC  542.  Locality  8H2,  Minaluli, 
Mangole,  Sula  Islands,  ventral  view,  x 1.  11,  IMC  543.  Locality  8H2,  Minaluli,  Mangole,  Sula  Islands, 
ventral  view,  x 1.  12,  IMC  544.  Locality  8H2,  Minaluli,  Mangole,  Sula  Islands,  ventral  view,  x 1. 

IMC  535  is  a transitional  form  with  postalveolar  morphology  of  B.  stolleyi  but  hastalion  features  of  B.  galoi. 
IMC  303  is  a fully  adult  B.  stolleyi  with  a wide  deep  ventral  groove.  IMC  309  a similar  sized  specimen  in  which 
the  groove  narrows  posteriorly.  IMC  536  strongly  resembles  B.  cf.  aucklandicus  of  Kruizinga  (1920,  pi.  4,  fig. 
1 a-d).  IMC  527  is  similar  in  size  to  the  largest  paratype  of  B.  stolleyi  (specimen  J52/18,  Stevens  1964,  pi.  95, 
figs.  1-3).  IMC  531,  542,  543,  544  are  immature  guards  at  various  stages  of  development.  Note  strong 
similarities  to  juveniles  of  other  members  of  the  lineage. 
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The  stratigraphic  position  of  earlier  described  taxa  relative  to  distribution  of  the  moluccana 
lineage  in  Misool  Archipelago  is  illustrated  in  text-fig.  9.  Some  positions  are  inferential.  Few  hard 
data  exist  even  for  specimens  originally  collected  from  Misool.  No  stratigraphic  or  geographical 
data  are  available  for  many  specimens  from  other  regions  of  Indonesia. 

‘Species’  of  earlier  authors  which  occur  within  the  ranges  of  B.  moluccana , B.  galoi  and  B.  stollevi 
are  identical  to  the  corresponding  taxon.  Species  occurring  between  the  ranges  of  B.  moluccana  and 
B.  galoi  (an  apparent  discontinuity  resulting  from  inadequate  exposure  in  Misool)  are  identical  to 
one  or  other  of  those  taxa  or  are  forms  transitional  between  them.  A similar  situation  exists  within 
the  concurrent  range  interval  of  B.  galoi  and  B.  stolleyi  where  both  taxa  and  transitional  forms  are 
present.  A full  discussion  of  synonymy  within  the  moluccana  lineage  is  presented  elsewhere 
(Challinor  in  press  a). 

This  attempt  to  define  the  stratigraphic  position  of  earlier  collections  or  specimens  is  based  on  my 
knowledge  of  the  moluccana  lineage  in  the  Misool  and  Sula  Islands  sequences.  It  is  not  conclusive 
and  makes  no  claim  to  be  fully  correct,  but  is  perhaps  the  best  interpretation  available  at  present. 
Text-fig.  9 indicates  that  most  early  collections  were  made  from  beds  high  in  the  Upper  Jurassic. 
Stevens  (1965)  considered  his  ‘ uhligi  complex’  to  be  an  indicator  of  the  Kimmeridgian-Tithonian 
and  the  moluccana  lineage  is  particularly  abundant  in  beds  of  that  age.  Oxfordian  representatives 
are  less  abundant  in  Misool  and  poorly  recorded  from  Sula  (Challinor  in  press  a). 

Specimens  from  the  Demu  Formation  (and  its  time  equivalents  elsewhere)  recognized  as  distinct 
species  by  earlier  researchers  are  few  (text-fig.  9).  B.  moluccana  (Stolley  1929,  pi.  3,  fig.  5)  and 
B.  indica  (Stolley)  are  long  forms  and  such  are  known  only  from  low  in  the  range  of  B.  moluccana. 
Collection  localities  of  B.  indica-moluccana  and  B.  taliabutica  (Stolley  1929,  pi.  2,  fig.  5)  are  known 
(Challinor  in  press  a)  but  B.  moluccana  (Stolley  1929,  pi.  2,  figs.  9,  10,  12;  pi.  3,  figs.  3 and  4)  and 
B.  indica  (Kruizinga)  are  positioned  on  morphology  alone.  Their  position  is  speculative. 

The  stratigraphic  positions  of  specimens  from  the  lower  Lelinta  Shale  (and  its  equivalents  in  Sula) 
from  between  the  horizon  of  B.  sp.  B and  locality  81CP91A  are  known  (Challinor  in  press  a).  The 
group  which  contains  B.  aff.  tanganensis , B.  cf.  hochstetteri , B.  moluccana  and  B.  cf.  sularum  (all  of 
Stolley  1929)  and  B.  uhligi  Stevens  was  collected  from  the  lower  Lelinta  Shale  (=  Facet  Shale  of 
Stolley)  on  Facet  Island  (Challinor  in  press  a). 
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Fig.  1.  Belemnopsis  cf.  galoi  (Boehm),  IMC  543.  Locality  8G,  Minaluli,  Mangole,  Sula  Islands,  late  Tithonian, 
ventral  view,  x 1. 

Fig.  2-4,  15.  Belemnopsis  stolleyi  Stevens,  late  Tithonian.  2,  IMC  308.  Locality  8G,  Minaluli,  Mangole,  Sula 
Islands,  ventral  view,  x 1.  3,  4,  IMC  526.  Locality  81CP91C,  Facet  Island,  Misool,  3,  ventral,  4,  left  lateral, 
x 1.  15,  IMC  546.  Locality  81,  Minaluli,  Mangole,  Sula  Islands,  ventral  view,  x 1. 

Figs.  5-14,  16.  Belemnopsis  mangolensis  Challinor,  Late  Tithonian.  5,  6,  IMC  322.  Locality  8H,  Minaluli, 
Mangole,  Sula  Islands,  5,  ventral,  6,  left  lateral,  x 1 . 7,  IMC  548.  Locality  8H,  Minaluli,  Mangole,  Sula 
Islands,  transverse  section  near  midguard,  x 2.  8,  IMC  547.  Locality  8H,  Minaluli,  Mangole,  Sula  Islands, 
transverse  section  near  midguard,  x 2.  9,  10,  IMC  330.  Locality  81,  Minaluli,  Mangole,  Sula  Islands,  9, 
ventral,  10,  left  lateral,  x 1.  11,  12,  IMC  321,  Holotype.  Locality  8H,  Minaluli,  Mangole,  Sula  Islands,  1 1, 
ventral,  12,  left  lateral,  x 1.  13,  IMC  317.  Locality  8H,  Minaluli,  Mangole,  Sula  Islands,  ventral  view,  x 1. 
14,  IMC  318.  Locality  8H,  Minaluli,  Mangole,  Sula  Islands,  ventral  view,  x 1.  16,  IMC  329.  Locality  8H, 
Minaluli,  Mangole,  Sula  Islands,  ventral  view,  x 1. 

IMC  543  resembles  B.  galoi  in  hastation  but  B.  stolleyi  in  postalveolar  morphology.  The  blunt  mucronate 
apex  which  occurs  in  a few  B.  stolleyi  is  present  in  IMC  308.  IMC  526  is  similar  to  a syntype  of  B.  stolleyi 
(Stevens  1963a,  pi.  95,  figs.  10-12).  IMC  546  can  be  identified  as  B.  stolleyi  only  by  its  association  with  adult 
forms.  IMC  322  is  a B.  mangolensis  resembling  some  B.  galoi  (e.g.  Challinor  and  Skwarko  1982,  pi.  13,  figs. 
7-8)  but  its  guard  is  shorter  and  sturdier.  Both  IMC  547  and  548  illustrate  the  depressed  cross-section  of 
B.  Mangolensis  similar  to  that  of  early  B.  goloi.  Note  contrasting  cross-section  of  B.  stolleyi  from  nearby 
horizons  (e.g.  PI.  66,  fig.  10).  IMC  330  is  a young  adult  B.  mangolensis  with  a typically  robust  guard.  Both  IMC 
317  and  318  illustrate  the  relatively  distinctive  outline  of  immature  B.  mangolensis  but  IMC  329,  at  a slightly 
earlier  stage  of  growth,  could  readily  be  confused  with  other  members  of  the  lineage. 
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BELEMNOPSIS  MANGOLENSIS 
(Challinor  & Skwarko  1982) 
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B.  gerardi  CKruizinga  1920  P1.1  . 

figs  1-4, PI. 2 fig.  1 1) 


B.  galoi  (Boehm  1907) 

B.  taliabutica  (Boehm  1907) 
B.  sularum  (Boehm  1907) 

B.  moluccana  (Boehm  1907) 
B.  gerardi(Boehm  1912) 
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text-fig.  9.  Approximate  stratigraphic  position  of  specimens  or  species  discussed  by  earlier  workers  viewed 
against  the  stratigraphic  column  of  Misool.  Full  details  in  text. 
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B.  moluccana  (Stolley  1929,  pi.  3,  fig.  1)  from  Yamdena  approaches  B.  galoi  in  outline  and  its 
cross-section  is  only  moderately  depressed  (A  = 106).  A cast  of  the  specimen  (Cat.  No.  J2828I, 
Weber  Collection,  Natural  History  Museum,  Basel,  Switzerland)  is  illustrated  here  as  PI.  63,  fig.  2. 
Its  morphology  suggests  the  specimen  is  transitional  between  B.  moluccana  and  B.  galoi. 

B.  gerardi  (Stolley)  was  described  from  the  Lelinta  Shale  on  Facet  Island  and  includes  late 
B.  galoi , transitional  forms  and  B.  stolleyi.  B.  gerardi  (Kruizinga)  is  broader  in  concept  and  includes 
in  addition  early  B.  galoi ( Challinor  in  press  a).  The  horizon  of  B.  incisa  is  known  (Challinor  in  press  a). 
B.  aucklandica  (Stolley)  from  Yamdena,  later  redescribed  as  B.  stolleyi  by  Stevens  (1964),  are 
slightly  depressed  in  cross-section  (A  = 103)  indicating  they  are  from  low  in  the  range  of  B.  stolleyi 
or  from  the  B.  galoi-B.  stolleyi  transition  zone.  The  horizon  of  B.  mangolensis  in  the  Sula  Islands 
is  known  and  specimens  identical  in  appearance  to  B.  cf.  aucklandicus  Kruizinga  are  present  at  the 
same  locality  (Challinor  in  press  a). 

STRATIGRAPHICALLY  ADJACENT  BELEMNOPSIS 

Callovian,  Oxfordian  and  earliest  Cretaceous  Belemnopsis  which  are  not  members  of  the  moluccana 
lineage  are  known  from  eastern  Indonesia  (Challinor  in  press  a).  B.  persulcata  Stolley  occurs  in  the 
early  and  mid  Callovian  and  B.  wanneri  Stolley  in  the  late  Callovian  and  early  Oxfordian  of  Misool. 
Specimens  of  B.  persulcata  are  small  (maximum  length  ca.  60mm)  with  a narrow,  deep,  ventral 
groove  and  a very  short  dorsal  alveolar  groove.  B.  wanneri  is  moderately  sized,  cylindrical,  slightly 
depressed  in  cross-section,  has  a relatively  weakly  developed  ventral  groove  and  an  apical  line  which 
is  only  slightly  ventrally  placed.  It  is  morphologically  quite  distinct  from  B.  moluccana.  B.  persulcata 
is  stratigraphically  distinct  from  B.  moluccana ; B.  wanneri  is  associated  only  with  the  earliest 
B.  moluccana. 

B.  jonkeri  Stolley  appears  in  latest  Tithonian  or  earliest  Cretaceous  beds  of  Misool  and  is  present 
at  the  same  locality  (81CP01)  as  the  latest  B.  stolleyi , but  at  a higher  horizon.  It  differs  from 
B.  stolleyi  in  its  larger  size,  wide,  shallow,  shorter,  and  highly  variable  ventral  groove,  slightly 
depressed  cross-section  and  slightly  ventrally  placed  apical  line  (Challinor  in  press  a).  To  derive 
B.  jonkeri  from  B.  stolleyi  requires  reversal  of  several  long-continued  morphological  trends  and  it  is 
clearly  distinct  from  the  moluccana  lineage. 
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DICOTYLEDONOUS  WOOD  FROM  THE 
LOWER  TERTIARY  OF  BRITAIN 

by  M.  CRAWLEY 


Abstract.  Nine  species  of  fossil  wood  are  described  from  localities  in  south-east  England  and  western 
Scotland.  These  include  a new  genus,  Eiggoxylon  gen.  nov.  (Rosidae:  Cunoniaceae?  or  Eucryphiaceae?),  from 
the  Palaeocene  of  Eigg,  Scotland,  and  five  new  species:  Plataninium  bretiii  sp.  nov.  (Eupteleaceae?,  Fagaceae?, 
Icacinaceae?  or  Platanaceae?)  from  the  Palaeocene  of  Mull,  Scotland;  Edenoxylon ? atkinsoniae  sp.  nov. 
(Anacardiaceae)  and  Sapotoxylon  atkinsoniae  sp.  nov.  (Sapotaceae)  from  the  Eocene  of  Sheppey,  Kent; 
Tarrietioxylon  hazzeldinewarrenii  sp.  nov.  (Sterculiaceae)  and  T.  cf.  hazzeldinewarrenii  from  the  Palaeocene  of 
Essex;  and  Ulminium  elliottii  sp.  nov.  (Lauraceae)  from  the  Palaeocene  of  the  Isle  of  Thanet,  Kent.  Also 
discussed  are  specimens  from  the  Palaeocene  assigned  to  Cercidiphylloxylon  spenceri  (Brett)  Pearson  (1987) 
(Cercidiphyllaceae)  from  Mull;  Plataninium  decipiens  Brett  (1972)  (Icacinaceae?  or  Platanaceae?)  from 
Farnborough,  Berkshire;  and  Ulminium  1 sp.  (Lauraceae)  from  Newbury,  Berkshire.  These  specimens  extend 
the  geographical  and  lithostratigraphical  range  of  these  taxa,  and  provide  additional  information  on  their 
variability.  The  Scottish  woods  show  well-defined  growth  rings  and  low  vulnerability  indices  whilst  most  of  the 
English  woods  have  poorly  defined  or  no  growth  rings  and  high  vulnerability  indices.  This  study  complements 
previous  research  on  British  Palaeogene  fruit,  seed  and  leaf  floras  and  establishes  further  continuity  with  fossil 
wood  floras  of  continental  Europe  and  North  America.  The  fossils  of  Lauraceae,  Sapotaceae  and  Sterculiaceae 
are  first  wood  records  for  these  families  from  the  British  Isles.  The  name  Ulminium  wheelerae  nom.  nov.  is 
established  for  Ulminium  parenchymatosum  Wheeler,  Scott  and  Barghoorn  (1977)  non  Schonfeld  (1956). 

Prior  to  the  present  study  in  marked  contrast  to  the  large  number  from  the  Tertiary  of  continental 
Europe  and  North  America,  few  dicotyledonous  woods  have  been  described  from  the  Tertiary  of 
Britain.  Such  material  is  important  botanically  in  its  own  right  as  a palaeoclimatic  indicator  and 
because  of  the  importance  of  the  British  Palaeogene  fruit  and  seed  floras  (e.g.  Chandler  1961-64; 
Reid  and  Chandler  1933).  To  date,  Brett  (1956-72)  has  described  Cerciciphylloxylon  spenceri 
(Cercidiphyllaceae),  Quercinium  porosum , Q.  pasanoides  (Fagaceae),  Edenoxylon  aemulum 
(Anacardiaceae),  Plataninium  decipiens  (Platanaceae?)  and  Platanus  sp.  (Platanaceae)  from 
Palaeocene  and  Eocene  formations  (Thanet  Beds,  Woolwich  Beds,  London  Clay)  of  south-east 
England.  Wilkinson  (1984,  1988)  has  described  pyritized  twigs  of  Plataninium  sp.  and  Sapindoxylon 
sp.  (Sapindaceae)  from  the  Eocene  (London  Clay)  of  Sheppey,  Kent.  Also  Seward  and  Holltum 
(1924)  mentioned  a possible  betulaceous  wood  from  the  Palaeocene  of  Mull.  The  nine  species  of 
wood  described  below  include  a new  genus,  Eiggoxylon  (Cunoniaceae?  or  Eucryphiaceae?)  and  five 
other  new  species.  Three  other  woods  are  included  because  of  the  new  information  they  provide  on 
geographical  and  lithostratigraphical  occurrences  and  on  variation  within  a taxon.  The  British  fossil 
woods  in  this  study  occur  over  a much  wider  geographical  area  than  those  previously  described, 
including  specimens  from  the  Palaeocene  of  Scotland  (the  Isles  of  Eigg  and  Mull,  Inner  Hebrides) 
as  well  as  south-east  England.  The  specimens  are  all  in  the  collections  of  the  British  Museum 
(Natural  History),  London,  some  since  the  turn  of  the  century  whilst  others  have  been  collected  in 
recent  years. 


MATERIAL  AND  METHODS 

All  the  specimens  are  of  mature  wood  and  are  either  silicified  or  calcified.  Thin  sections  in  transverse,  tangential 
and  radial  orientations  were  studied  using  a Leitz  Ortholux  compound  microscope.  Number  of  vessels  per  unit 
area  (mm2)  was  calculated  by  counting  all  individual  vessels  including  those  in  groups  or  clusters.  Percentages 
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of  solitary  vessels  per  unit  area  (mm2)  were  also  calculated  from  total  individual  vessel  counts.  Quantitative 
ranges  and  means  are  based  on  at  least  twenty  measurements  where  possible.  Ray  type  is  that  proposed  by 
Kribs  (1950-1959).  'Anatomy  of  the  Dicotyledons’  (Metcalfe  and  Chalk  1950)  was  used  as  a basis  for 
comparison  with  extant  families  unless  otherwise  specified.  Searches  for  various  combinations  of  features 
found  in  the  fossils,  using  the  computerized  Oxford/PRL/NCSU  database  (Wheeler  et  al.  1986),  were  also 
conducted  in  the  extant  flora. 


SYSTEMATIC  PALAEONTOLOGY 

Class  magnoliopsida  Cronquist,  Takhtajan  and  Zimmermann  (1966) 

Family  anacardiaceae  Lindley  (1830) 

Genus  edenoxylon  Kruse  (1954) 

Type  species.  Edenoxylon  parviareolatum  Kruse  (1954)  from  the  Eocene  Green  River  Formation  of  Eden 
Valley,  Wyoming,  USA. 


Edenoxylon ? atkinsoniae  sp.  nov. 

Plate  70,  figs.  2-6,  10;  Table  1 
Derivation  of  name.  After  the  collector,  Mrs  P.  Atkinson. 

Holotype.  V. 627 10,  slides  V. 627 10$  1,2  (PI.  70,  figs.  3-5). 

Paratypes.  BM(NH)  V. 62707,  slides  V.62707$l,2;  V.62708,  slides  V.62708$l,2;  V.62709,  slides  V.62709$l,2 
(PI.  70,  figs.  2,  6,  10). 

Locality  and  horizon.  Collected  loose  from  the  beach.  Isle  of  Sheppey,  Kent;  Lower  to  Middle  Eocene,  London 
Clay. 

Diagnosis.  [Secondary  xylem  and  bark].  Vessels  diffuse  porous,  20-28/mm2,  solitary  and  in  radial 
multiples  of  2-15,  tangential  diameter  means  63-105  pm,  element  length  means  of  410-470  /rm. 
Perforation  plates  simple.  Intervascular  pitting  alternate  and  bordered,  pits  6 pm  in  diameter;  vessel 
to  ray/parenchyma  pitting  round  to  elongate  and  possibly  simple,  up  to  \2  pm  diameter. 
Parenchyma  often  absent,  if  present  as  incomplete  vasicentric  sheaths.  Rays  mainly  biseriate  with 
uniseriate  rays  moderately  common;  distribution  en  echelon.  Multiseriate  portions  of  rays  often  no 
wider  than  uniseriate  portions.  Ray  width  means  18-21  //m  (1-2  cells),  uniseriate  ray  height  means 
100-160  pm  (4-5  cells),  multiseriate  ray  height  means  245-330  pm  (7-1 1 cells),  heterogeneous  type 
II,  multiseriate  rays  usually  with  marginal  rows  of  l^t,  square  to  upright  cells,  uniseriate  rays 
composed  of  upright  and  square  cells.  Fibres  libriform  and  septate  with  thin  walls.  Bark  consisting 
of  concentric  bands  of  thin-  and  thick-walled  cells  containing  axial  canals. 

Description.  Four  calcified  specimens,  the  largest  24  cm  diameter  by  4 cm  thick  before  cutting.  Much  of  the 
wood  structure  has  been  destroyed  by  Teredo  burrows.  Only  very  vague  evidence  of  incremental  growth. 

Vessel  elements  (Table  1 ) : solitary  (50  %)  and  in  radial  multiples  of  2-15  (PI.  70,  fig.  3),  the  longer  multiples 
present  locally,  consisting  of  irregular  sized  vessels  (PI.  70,  fig.  4);  vessel  to  ray/parenchyma  pitting  usually 
poorly  preserved,  alternate,  bordered,  round  to  slit-like  (PL  70,  fig.  10);  thin-walled  tyloses  present  in  many 
vessels. 

Parenchyma:  usually  absent,  rarely  present  as  incomplete  vasicentric  sheaths  (V. 62710). 

Rays  (Table  I):  4-6  rays  per  tangential  mm;  predominantly  biseriate  (70-80%)  with  uniseriate  rays 
moderately  common;  multiseriate  portions  of  rays  composed  of  procumbent  cells,  uniseriate  ray  margins  of 
1-7  (usually  1^1)  square  and  upright  cells  (PI.  70,  figs.  5 and  6);  a few  crystals  present  in  ordinary  marginal 
cells. 

Imperforate  tracheary  elements:  libriform  fibres  in  radial  file;  septate;  15-18  pm  diameter  (length  not 
determinable  due  to  poor  preservation);  thin-walled;  pitting  not  observed. 
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table  1.  Variability  in  quantitative  features  of  Edenoxylon  atkinsoniae  sp.  nov.  td 
= tangential  diameter;  el  = element  length;  rw  = ray  width;  mh  = multiseriate 
height;  uh  = uniseriate  height. 


V. 62707 

V. 62708 

V. 62709 

V. 62710 

Vessels 

TD  mean  (//m) 

63 

98 

84 

105 

TD  range 

42-70 

56-140 

28-140 

53-148 

EL  mean  (/an) 

410 

415 

— 

470 

EL  range 

280-560 

256-585 

— 

350-600 

Rays 

RW  mean  (/an) 

18 

19 

19 

20 

RW  range 

16-21 

17-22 

17-23 

17-23 

RW  range  (cells) 

1-2 

1-2 

1-2 

1-3 

MH  mean  (/an) 

245 

300 

330 

240 

MH  range 

140-350 

1 70-400 

200-420 

140^*20 

MH  mean  (cells) 

1 1 

10 

1 1 

7 

MH  range 

7-13 

7-17 

10-17 

6-16 

UH  mean  (/an) 

160 

170 

— 

100 

UH  range 

130-270 

100-200 

200-280 

60-210 

UH  mean  (cells) 

5 

5 

— 

4 

UH  range 

4-9 

3-8 

4-5 

2-7 

Bark:  (PI.  70,  fig.  2)  alternate  zones  of  thick-walled  cells,  probably  sclerenchyma  and  thin-walled  cells  with 
many  axial  canals  containing  a black  to  reddish  substance,  possibly  the  remains  of  gum  or  resin. 

Comparison.  Woods  with  axial  parenchyma  either  absent  or  present  only  as  rare,  incomplete, 
vasicentric  sheaths  together  with  septate  fibres  and  vertical  canals  in  the  bark  occur  only  in 
Anacardiaceae  and  Burseraceae.  Some  extant  genera  in  both  families  show  a broad  similarity  to  the 
fossils.  In  Burseraceae  the  ray  margins  are  never  more  than  four  cells  high  and  are  heterogeneous 
III,  differing  from  the  fossils.  However  Anacardiaceae  agree  with  the  fossils  in  these  features  and 
although  a close  match  with  a living  genus  could  not  be  made,  the  preserved  features  of  the  Sheppey 
woods  indicate  affinity  with  this  family. 

Of  the  fossil  woods  assigned  to  Anacardiaceae,  only  species  in  the  genera  Anacardioxylon  Felix 
(1882),  Holigarnoxylon  Prakash  and  Awasthi  (1970),  Mangiferoxylon  Awasthi  (1966),  Rhoidium 
Unger  (1850)  and  Rhus  crystallifera  Wheeler,  Scott  and  Barghoorn  (1978)  lack  radial  canals  in  the 
rays.  However  none  of  these  is  closely  comparable  with  the  Sheppey  fossils.  The  closest  comparison 
can  be  made  with  three  species  that  have  canals  in  the  rays.  These  are  Edenoxylon  aemulum  Brett 
(1966)  from  the  Upper  Palaeocene  Woolwich  Beds  of  Herne  Bay,  Kent  (the  only  other 
anacardiaceous  fossil  wood  recorded  from  the  British  Isles);  E.  parviareolatuni  Kruse  (1954)  from 
the  Eocene  of  Eden  Valley,  Wyoming,  USA,  and  Tapirira  clarnoensis  Manchester  (1977)  from  the 
Upper  Eocene  Clarno  Nut  Beds  of  Eastern  Oregon,  USA.  T.  clarnoensis  has  a lower  density  of 
vessels  (8-13  per  mm2)  and  commoner  vasicentric  parenchyma,  E.  parviareolatuni  has  exclusively 
uniseriate  rays  and  very  sm'all  vessels,  and  E.  aemulum  has  a greater  density  of  vessels,  rays  that  are 
mainly  heterogeneous  III,  and  large,  fusiform  rays  containing  radial  canals. 

Remarks.  Edenoxylon  was  erected  for  fossil  woods  having  affinities  with  Anacardiaceae  but  not 
comparable  with  any  one  Recent  genus.  A feature  of  the  original  description  was  the  presence  of 
radial  canals.  Edenoxylon ? atkinsoniae,  as  mentioned  earlier,  lacks  these  canals.  However  in  the 
Recent  genera  radial  canals  may  not  be  present  in  all  species  of  a genus,  e.g.  Pseudospondias , Rhus. 
Edenoxylon ? atkinsoniae  is  very  similar  in  other  respects  to  E.  aemulum  and  to  a lesser  extent 
E.  parviareolatuni.  Edenoxylon ? atkinsoniae  is  not  closely  comparable  with  any  Recent  genus  but 
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the  possession  of  sparse,  paratracheal  parenchyma,  vessels  commonly  in  radial  groups,  and  septate 
fibres  shows  it  to  be  most  similar  to  the  tribes  Spondiae  and  Rhoideae  of  Anacardiaceae.  Both  these 
tribes  have  previously  been  recognized  in  the  London  Clay  flora  from  wood  (Brett  1966),  fruits 
(Reid  and  Chandler  1933)  and  pollen  (Sein  1961). 

Present-day  Anacardiaceae  is  an  arborescent,  tropical  family.  Edenoxylonl  atkinsoniae  with  its 
diffuse  porous  vessels  and,  at  most,  extremely  vague  evidence  of  seasonal  growth  is  typically 
tropical.  As  such  it  is  climatically  consistent  with  other  elements  of  this  flora,  for  which  the  nearest 
Recent  analogue  is  paratropical  rain  forest  (Collinson  1983). 


Family  cercidiphyllaceae  Engler  (1909) 

Genus  cercidiphylloxylon  Prakash,  Brezinova  and  Buzek  (1971) 

Type  species.  Cercidiphylloxylon  kadanense , from  the  Oligocene  Volcanogenic  Complexes  of  Kadan  (Zadni 
vrch  Hill),  Doupovske  Hory  Mountains,  North  Bohemia,, Czechoslovakia. 


Cercidiphylloxylon  spenceri  (Brett)  Pearson  (1987) 

Plate  69,  figs.  1-6;  Table  2 

1956  Cercidiphyllum  spenceri  Brett;  pp.  658-661,  pi.  21,  text-fig.  1. 

1977  Cedroxylon  sp.;  Creber,  pp.  367-368,  370,  fig.  4g. 

1982  Cercidiphyllum  alalongum  Scott  and  Wheeler;  pp.  137-138,  figs.  11-15. 

1987  Cercidiphylloxylon  spenceri  (Brett)  Pearson;  p.  59. 

Material.  BM(NH)  V. 58746,  slides  V.58746$l,2;  BM(NH)  V. 60312,  slides  V.60312S1-5  (PI.  69,  figs.  1-6). 

Locality  and  horizon.  Loose  on  the  beach  at  Ardalanish,  Mull,  Inner  Hebrides;  Palaeocene,  Interbasaltic  Beds, 
Plateau  Volcanics  Series. 

Description.  Two  calcified  specimens,  the  largest  (V. 58746)  measuring  13  cm  x 14  cm  x 12  cm  before  cutting. 
All  measurements  from  the  Holotype.  Conspicuous  growth  rings,  1-5-2  mm  wide. 

Vessel  elements:  diffuse  porous,  but  with  a gradual  decrease  in  size  across  the  growth  ring  (PI.  69,  fig.  1); 
mostly  solitary  with  some  radial  alignment,  multiples  with  both  radial  and  tangential  alignment  (PI.  69,  fig. 
2),  vessels  angular  in  cross-section,  predominantly  solitary,  up  to  180/mm2,  tangential  diameter  range  28- 
70  pm,  mean  tangential  diameter  55  //m,  element  length  range  630-1400  pm,  mean  element  length  1000  //m; 
perforation  plates  scalariform  with  30-55  fine  bars,  some  reticulate  perforation  plates  (PI.  69,  fig.  5); 
intervascular  and  vessel  to  ray  pitting  opposite,  round,  elongate  to  scalariform  (near  perforation  plates),  simple 
to  half-bordered,  6-30  //m  in  diameter,  occasional  unilaterally  compound  pits  present;  some  vessels  contain  a 
brown  substance  that  was  probably  gum. 

Parenchyma:  none  could  be  identified. 

Rays:  7-10  per  tangential  mm;  predominantly  2 cells  wide,  very  rarely  uniseriate,  distinctive  in  form,  many 
having  more  than  one  biseriate  portion  and  rarely  up  to  five  such  portions;  often  these  portions  are  no  wider 


EXPLANATION  OF  PLATE  69 

TS  = transverse  section;  RLS  = radial  longitudinal  section;  TLS  = tangential  longitudinal  section  throughout 
plates. 

Figs.  1-6.  Cercidiphylloxylon  spenceri  (Brett)  Pearson  (1987)  from  Mull,  Inner  Hebrides,  Scotland,  Palaeocene, 
Interbasaltic  Beds.  Thin  sections  1,  V.60312S2,  TS,  x6-5.  2,  V.60312S2,  TS,  detail  across  a growth  ring 
boundary,  x 68.  3,  V.60312S3,  RLS,  x68.  4,  V.60312S1,  TLS,  x71.  5,  V.60312S3,  RLS,  scalariform  and 
reticulate  perforation  plates,  x272.  6,  V.60312S3,  RLS,  vessel  to  ray  pitting,  x 289. 

Figs.  7-9.  Sapotoxylon  atkinsoniae  sp.  nov.  from  the  Isle  of  Sheppey,  Kent,  England,  London  Clay,  Eocene. 
Thin  sections.  7,  BM(NH)  V.62706S2,  holotype,  TS,  x42.  8,  BM(NH)  V.62706S2,  holotype,  TS,  detail  of 
parenchyma  band  showing  three  cell  width,  x 170.  9,  BM(NH)  V.62705S2,  paratype,  TLS,  x68. 


PLATE  69 


CRAWLEY,  Cercidiphylloxylon , Sapotoxylon 
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than  the  uniseriate  portions  of  the  ray  (PI.  69,  fig.  4);  width  range  22-27  //m  (1-2  cells),  mean  ray  width 
25  pm  (1  2 cells),  multiseriate  ray  height  range  140-1 100  (5-36  cells),  multiseriate  ray  height  mean  450  //m 

(18  cells);  uniseriate  ray  height  range  100-200  pm  (2-8  cells);  heterogeneous  type  I— II,  marginal  rows  of  1-9, 
usually  1-4,  square  and  upright  cells,  uniseriate  rays  composed  of  square  and  upright  cells;  marginal  cells  often 
contain  a single  rhomboidal  crystal;  multiseriate  portions  of  rays  containing  a brown  substance,  probably  the 
remains  of  gum. 

Imperforate  tracheary  elements:  fibre-tracheids;  tangential  diameter  range  7-14  pm,  length  range  840- 
1400  pm,  mean  1100  pm,  medium  to  thick-walled;  distinctly  bordered  pits  present  on  radial  walls. 

Comparison.  The  arrangement  of  the  vessels  and  particularly  the  structure  of  the  rays  indicate 
affinity  with  Recent  Cercidiphyllaceae  (C)  or  Hamamelidaceae  (H),  especially  the  genera 
Cercidiphyllum  (C),  Corylopsis  (H)  and  Liquidambar  (H).  Previous  comparative  studies  on  the  wood 
anatomy  of  Cercidiphyllum  japonicum  Siebold  and  Zuccarini  (1846),  Corylopsis  spp.  (Swamy  and 
Bailey  1949;  Brett  1956;  Scott  and  Wheeler  1982)  and  Liquidambar  spp.  (Prakash  et  al.  1971)  show 
that  secondary  wood  of  Cercidiphyllum  can  be  separated  from  that  of  Corylopsis/ Liquidambar  by 
differences  in  ray  structure.  The  possession  of  commonly  three  biseriate  portions  per  ray  with  the 
uniseriate  portions  of  the  ray  often  no  wider  than  the  multiseriate  portions  show  the  Mull  woods 
to  be  most  similar  to  Cercidiphyllum. 

In  Table  2,  three  specimens  of  Cercidiphylloxylon  spenceri  are  compared  with  C.  kadanense.  They 
are  similar  in  many  features  but  are  distinguishable  by  the  presence  of  triseriate  rays  and  larger 
diameter  vessels  in  C.  kadanense.  However  also  in  C.  kadanense  some  important  diagnostic  features 
are  missing  due  to  poor  preservation,  i.e.  intervascular,  vessel  to  ray  or  axial  parenchyma,  and  fibre 
pitting.  For  the  present  I regard  these  species  as  distinct  not  only  because  of  the  features  noted  above 
but  also  because  of  the  lack  of  knowledge  regarding  variation  in  fossil  and  Recent  cercidiphyllaceous 
woods. 

Remarks.  Few  cercidiphyllaceous  woods  have  been  described.  Four  of  these  are  compared  in  Table 
2.  As  can  be  seen,  only  minor  qualitative  and  quantitative  differences  separate  BMNH  V. 23438-9, 
V.60312  and  USNM  326701  (described  as  Cercidiphyllum  alalongum  Scott  and  Wheeler,  1982).  In 
Recent  wood  variation  of  this  type  can  be  interspecific  or  intraspecific.  In  the  latter  this  is  due  to: 
(a)  the  relative  age  of  different  parts  of  the  tree,  i.e.  twig  wood  and  trunk  heart  wood;  (b)  the 
position  of  equally  mature  wood  on  the  tree,  i.e.  branch,  trunk  or  root;  (c)  the  effect  of  ecological 
controls  on  growth,  i.e.  altitude,  soil.  A necessarily  cautious  approach  is  needed  regarding  the 
interpretation  of  such  variation  in  fossil  taxa  based  solely  on  wood  especially  as  little  is  known 
about  such  variation  in  Recent  Cercidiphyllum.  As  mentioned  previously  the  differences  between  the 
samples  of  Cercidiphylloxylon  spenceri  are  not  substantive.  They  are  interpreted  as  probably 
intraspecific  variation  between  the  twig/small  branch  and  main  axial  wood  represented  by  the 
specimens. 


EXPLANATION  OF  PLATE  70 

Figs.  1-9.  Sapotoxylon  atkinsoniae  sp.  nov.  from  the  Isle  of  Sheppey,  Kent,  England,  London  Clay,  Eocene. 
Paratype.  Thin  sections.  1,  BM(NH)  V. 6270481,  RLS,  x68.  9,  BM(NH)  V.6270481,  RLS,  chambered, 
crystalliferous  cells  in  parenchyma  strand,  x 289. 

Figs.  2-6,  10.  Edenoxylon ? atkinsoniae  sp.  nov.  from  the  Isle  of  Sheppey,  Kent,  England,  London  Clay,  Eocene. 
Thin  sections.  2,  BM(NH)  V. 6270982,  paratype,  TS,  bark,  x 42.  3,  BM(NH)  V.62710S1,  holotype,  TS,  x 17. 
4,  BM(NH)  V. 6271081,  holotype,  TS,  detail  of  vessel  chains,  x 68.  5,  BM(NH)  V. 6271082,  holotype,  TLS, 
x 170.  6,  BM(NH)  V. 6270981.  paratype,  RLS,  x 68.  10,  BM(NH)  V.62709S1,  paratype,  RLS,  vessel  to  ray 
pitting,  x 289. 

Figs.  7,  8.  Ulminium ? sp.  from  Shaw,  Berkshire,  England,  Reading  Beds,  Palaeocene.  Thin  sections.  7, 
BM(NH)  V.2481,  TS,  x 17.  8,  BM(NH)  V.2482,  TLS,  showing  oil  or  mucilage  idioblasts?  at  ray  margins, 
x 42. 


PLATE  70 


CRAWLEY,  Sapotoxylon , Edenoxylon ?,  Uhninium ? 


table  2.  Comparison  of  quantitative  and  qualitative  features  for  specimens  of  Cercidiphylloxylon  spenceri  (CSp)  and  C.  kadanense  (CKa). 
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Cercidiphyllum-hke  leaves  and  fructifications  are  common  and  widespread  in  Upper  Cretaceous 
and  Palaeogene  strata,  and  belong  to  a diverse  group  of  several  taxa  (Crane  1984;  Crane  and 
Stockey  1985). 

Present-day  Cercidiphyllum  is  a relic  genus  restricted  to  China  and  Japan,  as  part  of  a temperate 
flora. 

The  two  specimens  of  C.  spenceri , although  found  loose  on  the  beach,  are  almost  certainly  from 
the  Palaeocene  age  Interbasaltic  Beds  present  on  Mull.  They  are  the  first  examples  of 
cercidiphyllaceous  wood  recorded  from  this  region.  Cercidiphyllum-\ike  leaves  are  common  in  the 
Interbasaltic  flora  of  Ardtun  Head,  Mull. 


Family  cunoniaceae?  R.  Brown  in  Flinders  1814  or  eucryphiaceae?  Endlicher  (1841) 

Genus  eiggoxylon  gen.  nov. 

Type  species.  Eiggoxylon  reidii  sp.  nov.  from  the  Palaeocene  Plateau  Volcanic  Series  of  Eigg,  Inner  Hebrides. 

Diagnosis.  [Secondary  xylem].  Distinct  growth  rings  present.  Vessels  semi  ring  porous.  Both  simple 
and  scalariform  perforation  plates  present.  Vessel  to  ray/parenchyma  pitting  alternate  to  opposite, 
round  and  elongate.  Rays  of  two  sizes,  homogeneous  to  heterogeneous  type  III.  Fibre-tracheids 
present. 

Derivation  of  name.  After  the  Scuir  of  Eigg,  where  the  specimen  was  found. 

Eiggoxylon  reidii  sp.  nov. 

Plate  71,  figs.  5-10 

Derivation  of  name.  After  the  collector,  the  late  Mr  Clement  R.  Reid. 

Holotype.  BM(NH)  V.59122,  slides  V.59122S1  12  (PL  71,  figs.  5-10). 

Locality  and  horizon.  (Probably  collected  loose.)  Scuir  of  Eigg,  Inner  Hebrides;  probably  from  the  Palaeocene 
Interbasaltic  Beds,  Plateau  Volcanics  Series. 

Diagnosis.  [Secondary  Xylem],  Growth  rings  2-5-4-5  mm  wide.  Vessels  30/mm-  in  early  part  of  ring 
to  40/mm2  in  late  part  of  ring;  solitary;  tangential  diameter  range  14-154  /mi,  length  mean  410  //m; 
perforation  plates  are  simple  in  larger  vessels,  scalariform  in  smaller,  with  12-20  bars.  Vessel  to  ray 
pitting  of  two  types,  either  round  or  elongate,  usually  with  distinct  borders.  Rays  6-7  per  tangential 
mm,  of  two  distinct  sizes,  uniseriate  or  three  to  four  seriate,  uniseriate  ray  height  mean  1 10  pm  (7 
cells),  multiseriate  ray  height  mean  250  /mi  (16  cells),  homogeneous  to  weakly  heterogeneous  III. 
Fibre-tracheids  with  distinctly  bordered  pits. 

Description.  A single  silicified  specimen,  1 1 cm  x 2 5 cm  x 5 cm. 

Vessel  elements:  density  22-32/mm2  in  early  wood,  32-42/mm2  in  late  wood  (PI.  71,  figs.  5 and  6);  element 
length  range  200-560  pm\  intervascular  pitting  not  observed  due  to  solitary  vessels;  elongate  vessel  to  ray  pits 
usually  horizontally  aligned,  but  can  be  almost  vertical;  some  elongate  pits  unilaterally  compound;  round 
pitting  diameter  3-5  /mi,  elongate  pitting  up  to  22  /mi  in  length  (PI.  71,  fig.  9);  abundant  tyloses  in  the  larger 
vessels  of  the  early  wood. 

Parenchyma:  probably  apotracheal,  diffuse  (not  observed  in  transverse  section,  solitary  strands  seen  in 
tangential  section). 

Rays:  of  two  distinct  sizes,  each  comprising  approximately  50%  of  total  (PI.  71,  fig.  8);  uniseriate  ray  height 
range  33-330  pm  (2-17  cells),  multiseriate  ray  height  range  84-A20  pm  (5-29  cells),  mean  250  pm  (16  cells); 
uniseriate  ray  width  range  5-12  /mi,  mean  7 /an;  multiseriate  rays  width  range  12-50  /mi  (2—4  cells),  mean 
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35  pm  (3-4  cells);  mainly  homogeneous  and  in  some  areas  weakly  heterogeneous  type  III,  marginal  rows 
usually  of  1-2  cells  but  sometimes  up  to  4 cells  (PI.  71,  figs.  7 and  8). 

Imperforate  tracheary  elements:  fibre-tracheids;  tangential  diameter  range  15-24 /mi  (length  not 
determinable  due  to  poor  preservation);  thin-walled;  distinctly  bordered  pits  present  on  the  radial  walls; 
possible  presence  of  vascular  tracheids  in  a few  areas  adjacent  to  vessels : irregularly  arranged  cells  with  what 
appears  to  be  more  than  one  row  of  bordered  pits. 

Comparison.  The  main  features  of  the  Eigg  wood  are  its  semi  ring  porous  structure,  solitary  vessels, 
fibres  with  distinctly  bordered  pits,  and  the  presence  of  both  simple  and  scalariform  perforation 
plates.  These  features  occur  in  sixteen  extant  families  of  which  Cunoniaceae  and  Eucryphiaceae  are 
the  most  similar  to  the  fossil.  The  presence  of  scalariform  perforation  plates  in  the  smaller  vessels 
is  characteristic  of  some  genera  in  Cunoniaceae  whilst  round  and  horizontally  elongate  vessel  to  ray 
pitting  is  more  typical  of  Eucryphiaceae.  However,  a clear  distinction  cannot  usually  be  made 
between  the  families  in  terms  of  wood  anatomy  (Record  and  Hess  1943),  and  Bausch  (1938)  has 
implied  close  relationship  of  Cunoniaceae  and  Eucryphiaceae  on  this  basis.  The  fossil  differs  from 
both  families  in  ray  structure,  having  rays  that  are  predominantly  homogeneous  as  opposed  to 
characteristically  heterogeneous  III  (though  extant  Ceratopetalum  (C)  is  recorded  as  having 
homogeneous  rays).  It  should  also  be  remarked  that  the  gross  anatomy  of  the  fossil  is  very  similar 
to  some  species  of  Mains  and  Sorbus  (Rosaceae),  although  the  perforation  plates,  intervascular 
pitting  and  vessel  to  ray  pitting  differ  markedly.  The  fossil  is  therefore  regarded  as  showing  general 
affinity  with  the  Rosidae  as  a whole  and  tentatively  with  Cunoniaceae  and  Eucryphiaceae. 

I know  of  no  other  fossil  wood  that  compares  closely  with  the  Eigg  fossil.  The  only  species  with 
affinity  to  Cunoniaceae,  Cunonioxylon  weinmannioides  Hofmann  (1952)  from  the  Oligocene  of 
Prambachkirchen,  Austria,  differs  from  the  Eigg  wood  in  having  diffuse  porous  vessels  with 
paratracheal  and  marginal  parenchyma. 

Remarks.  Other  possible  rosid  remains  in  the  Interbasaltic  Flora  are  the  leaf  Vitiphyllum  from  the 
Ardtun  Leaf  Beds  of  Mull.  Only  one  other  wood  is  known  from  the  Palaeocene  of  Eigg,  the 
coniferalean  Pityoxylon  eiggense  (Witham)  Kraus  (1870). 

Ring  porous  woods  are  not  common  prior  to  the  Oligocene  (Wheeler  et  al.  1987).  The  probable 
Palaeocene  age  of  Eiggoxylon  makes  it  one  of  the  earliest  known  stratigraphical  occurrences. 


Family  lauraceae  A.  L.  Jussieu  (1789) 

Genus  ulminium  Unger  (1842) 

Type  species.  Ulminium  diluviale  Unger  (1842)  from  the  Tertiary  of  Bohemia,  Czechoslovakia. 


EXPLANATION  OF  PLATE  71 

Figs.  1-4.  Plataninium  brettii  sp.  nov.  from  Mull,  Inner  Hebrides,  Scotland,  Palaeocene,  Interbasaltic  Beds. 
Holotype.  Thin  sections.  1,  BM(NH)  V.25264S1,  TS,  showing  a single  growth  ring  boundary,  x 17.  2, 
BM(NH)  V.25264S3,  TLS,  long  uniseriate  rays  alternating  with  multiseriate  rays,  x 68.  3,  BM(NH) 
V.25264S2,  RLS,  scalariform  perforation  plate,  x 272.  4,  BM(NH)  V.25264S2,  RLS,  opposite  and  alternate 
vessel  to  ray  pitting,  x 289. 

Figs.  5-10.  Eiggoxylon  reidii  sp.  nov.  from  Eigg,  Inner  Hebrides,  Scotland,  Palaeocene,  Interbasaltic  Beds. 
Holotype.  Thin  sections.  5,  BM(NH)  V.59122S8,  TS,  x 6-5.  6,  BM(NH)  V.59122S8,  TS,  detail  across  a 
growth  ring  boundary,  x 68.  7,  BM(NH)  V.59122S10,  RLS,  x71.  8,  BM(NH)  V.59122S9,  TLS,  x71.  9, 
BM(NH)  V. 59 1 22$  1 0,  RLS,  vessel  to  ray  pitting,  x464.  10,  BM(NH)  V.59122S10,  RLS,  on  the  right  is  a 
small  vessel  with  a scalariform  perforation  plate,  on  the  left  is  a large  vessel  with  a simple  perforation  plate. 
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Ulminium  elliottii  sp.  nov. 

Plate  72,  figs.  1-6;  Table  3 

Derivation  of  name.  After  Dr  Graham  F.  Elliott,  head  of  the  Fossil  Plant  Section  at  the  British  Museum 
(Natural  History),  1968-81. 

Holotype.  V. 8364(1-3)  (PI.  72,  figs.  1-3,  5).  Slide. 

Paratypes.  BM(NH)  V. 8358(1-3),  V. 8359(1-3),  V. 8363(1-3)  (PI.  72,  figs.  4 and  6).  All  are  slides. 

Other  material.  BM(NH)  V. 8369-8375(2),  V.8376-V.8381,  V.63117.  All  are  slides. 

Locality  and  horizon.  ‘Isle  of  Thanet  ’ (Pegwell  Bay  or  Reculvers?),  Kent;  probably  from  the  Palaeocene  Thanet 
Sands,  Woolwich  Beds  or  Oldhaven  Beds.  These  specimens  were  transferred  to  the  Palaeontology  Department 
from  the  Botany  Department  in  1898  with  no  accompanying  data  other  than  ‘Isle  of  Thanet’. 

Diagnosis.  [Secondary  wood].  Growth  rings  distinct,  3-4  mm  wide.  Vessels  diffuse  porous,  6- 
12/mm2,  mainly  solitary,  tangential  diameter  means  135-147  //m,  element  length  means  350- 
420  //m ; perforation  plates  simple ; intervascular  pitting  alternate,  bordered,  diameter  7-8  //m ; vessel 
to  ray/parenchyma  pitting  simple,  alternate,  round  to  elongate,  diameter  up  to  26  //m.  Parenchyma 
paratracheal,  vasicentric.  Rays  4 per  tangential  mm,  commonly  multiseriate,  up  to  7 cells  wide; 
uniseriate  rays  few  and  low,  ray  width  means  50-60  /mi  (4-5  cells),  multiseriate  ray  height  means 
560-600  /mi  (25-28  cells),  uniseriate  ray  height  means  170-200  /mi  (3-4  cells);  heterogeneous  type 
III,  uniseriate  rays  composed  of  square  to  upright  cells.  Fibres  libriform,  thin  walled.  Oil  or 
mucilage  idioblasts  present  amongst  the  fibres,  up  to  32/mm2,  occurring  singly  and  in  small  groups 
of  two  to  four,  diameter  up  to  42  //m,  length  up  to  420  /mi. 

Description.  Vessel  elements  (Table  3):  diffuse  porous  with  only  a gradual  change  in  size  across  growth  ring 
(PI.  72,  fig.  1 );  6-12  (usually  9)/mm2;  mainly  solitary  with  some  radial  groups  of  2-3  cells  (PI.  72,  fig.  2);  vessel 
to  ray/parenchyma  pitting  alternate  to  almost  scalariform  (PI.  72,  fig.  6);  thin-walled  tyloses  present. 
Parenchyma:  paratracheal,  as  moderately  complete  vasicentric  sheaths,  1-3  cells  across  (PI.  72,  fig.  2). 
Rays  (Table  3):  3-5  (mostly  4)  per  tangential  mm;  predominantly  multiseriate  and  up  to  7 cells  wide; 
uniseriate  rays  scarce,  usually  not  more  than  4 cells  high,  rarely  up  to  7 cells  high;  multiseriate  portions  of  rays 
composed  of  procumbent  cells  with  marginal  rows  of  1-2  square  to  upright  cells  (PI.  72,  figs.  4 and  5). 

Imperforate  tracheary  elements:  libriform  fibres  in  radial  rows;  15-20  //m  tangential  diameter,  length  range 
640-820  //m,  mean  623  //m  (V.8358),  500-800  /rm,  600  //m  (V.8363),  550-678  /on,  635  pm  (V.8364);  thin- 
walled;  pitting  not  observed.  (What  appear  initially  to  be  septae  are  fungal  hyphae  which  pass  horizontally, 
or  nearly  so,  through  the  fibres.) 


EXPLANATION  OF  PLATE  72 

Figs.  1-6.  Ulminium  elliottii  sp.  nov.  from  Thanet,  Kent,  England,  Palaeocene,  Thanet  Sands,  Woolwich  Beds 
or  Oldhaven  Beds?  Thin  sections.  1,  BM(NH)  V. 8364(1),  holotype,  TS,  x 6-5.  2,  BM(NH)  V. 8364(1), 
holotype,  TS,  showing  oil  or  mucilage  idioblasts  amongst  the  fibres,  x 42.  3,  BM(NH)  V. 8364(1),  holotype, 
TLS,  oil  or  mucilage  idioblast  showing  spindle  shape,  x71.  4,  BM(NH)  V. 8363(1),  paratype,  RLS  x 170. 
5,  BM(NH)  V. 8364(1),  holotype,  TLS,  x 71.  6,  BM(NH)  V.8363(l),  paratype,  TLS,  vessel  to  parenchyma 
pitting,  x 289.  Eocene. 

Figs.  7,  9-11.  Tarrietioxylon  hazzeldinewarrenii  sp.  nov.  from  Nazeing,  Essex,  England,  Palaeocene,  Reading 
Beds.  Holotype.  Thin  sections.  7,  BM(NH)  V.28223S4,  TLS,  sheath  cells  can  be  seen  in  the  multiseriate  rays, 
x 29.  9,  BM(NH)  V.28223S1,  TS,  note  uniseriate  lines  of  parenchyma  extending  from  ray  to  ray  in  the  top 
half  of  figure,  x 17.  10,  BM(NH)  V.28223S2,  RLS,  showing  part  of  a single  ray,  x68.  11,  BM(NH) 
V.28223S2,  RLS,  vessel  to  parenchyma  pitting  with  coalescent  apertures,  x464. 

Fig.  8.  Tarrietioxylon  cf.  hazzeldiniwarrenii , from  Nazeing,  Essex,  England,  Palaeocene,  Reading  Beds.  Thin 
section.  BM(NH)  V.28222S2,  TLS,  x 29. 
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table  3.  Variability  in  quantitative  features  of  Ulminium  elliotii  sp.  nov.  td  = 
tangential  diameter;  el  = element  length;  rw  = ray  width;  mh  = multiseriate 
height;  uh  = uniseriate  height. 


V.8358 

V.8359 

V.8363 

V.8364 

Vessels 

TD  mean  (//m) 

140 

138 

135 

147 

TD  range 

56-196 

70-189 

50-168 

56-198 

EL  mean  fiwm) 

350 

336 

420 

400 

EL  range 

168-560 

1 50-420 

156-560 

175-578 

Rays 

RW  mean  (/nn) 

56 

50 

56 

54 

RW  range 

28-98 

20-70 

28-84 

25-90 

RW  range  (cells) 

4 

5 

4 

4 

RW  range 

1-7 

1-6 

1-6 

1-7 

MH  mean  (/un) 

600 

580 

560 

578 

MH  range 

196-1 1 16 

160-1640 

150-1400 

156-1260 

MH  mean  (cells) 

28 

30 

27 

25 

MH  range 

7-55 

9-73 

5-66 

6-63 

UH  mean  (/nn) 

200 

180 

175 

170 

UH  range 

70-260 

55-220 

100-240 

60-270 

UH  mean  (cells) 

4 

3 

4 

4 

UH  range 

2-6 

2-6 

3-8 

1-8 

Oil  or  mucilage  idioblasts:  2-32/mm2  (PI.  72,  fig.  2);  diameter  21-42  /mi,  length  up  to  420  /an;  elongate 
spindle-shaped  (PI.  72,  fig.  3);  extremely  thin-walled;  no  obvious  contents. 

Comparison.  The  presence  of  oil  or  mucilage  idioblasts  is  an  important  diagnostic  feature  of  woods 
(see  list  in  Metcalfe  and  Chalk  1950,  p.  1354).  When  compared  with  the  Thanet  woods  only 
Lauraceae  exhibit  identical  major  features.  Richter  (1987)  commented  that  oil  or  mucilage 
idioblasts  isolated  in  the  fibrous  tissue  is  a characteristic  of  the  family  and  that  these  idioblasts  are 
sometimes  of  similar  size  and  shape  to  the  surrounding  libriform  fibres  (as  found  in  Ulminium 
elliottii).  In  Recent  genera  they  most  commonly  occur  in  Beilschmiedia , Cryptocarya , Endiandra  and 
in  some  species  of  Actinodaphne , Cinnamomum,  Endlicheria , Nectandra , Neolitsea , Ocotea  and 
Ravensara.  This  type  of  idioblast  is  most  commonly  a mucilage  rather  than  an  oil  cell,  a distinction 
based  on  cell  content.  Considering  all  the  characters  U.  elliottii  seems  to  be  most  similar  to  the 
Recent  genus  Beilschmiedia , which  has  some  species  with  rays  up  to  eight  cells  in  width  and  others 
with  a comparable  distribution  of  idioblasts  but  differs  in  usually  having  aliform  to  confluent 
parenchyma. 

Many  fossil  lauraceous  woods  have  been  described  (Suss  1958;  Suss  and  Madel  1958).  Only  three 
share  with  U.  elliottii  the  occurrence  of  idioblasts  exclusively  or  predominantly  in  the  ground  tissue: 
U.  deomaliensis  Lakhanpal,  Prakash  and  Awasthi  (1981),  from  the  Mio-Pliocene  Nainsang  Beds  of 
Deomali,  Arunachal  Pradesh,  India;  U.  eocenicum  Wheeler,  Scott  and  Barghoorn  (1977);  and 
U.  wheelerae  (see  below),  both  from  the  late  early  to  early  middle  Eocene  Lamar  River  Formation 
of  Specimen  Ridge,  Yellowstone  National  Park,  Wyoming,  USA.  U.  deomaliensis  has  larger,  barrel- 
shaped idioblasts  (40-100  pm  in  diameter),  rays  only  three  cells  broad,  and  a smaller  vessel  diameter 
(60-120  //m),  U.  wheelerae  possesses  abundant  vasicentric,  aliform  and  aliform-confluent 
parenchyma,  and  U.  eocenicum  has  marginal  parenchyma  delimiting  growth-rings  and  idioblasts  of 
a lower  density  (1-2/mm2). 

Remarks.  As  indicated  by  Page  (1967-8),  Ulminium  Unger  (1842)  takes  precedence  over 
Laurinoxylon  Felix  (1883)  for  fossil  woods  of  lauraceous  affinity.  This  creates  the  name  Ulminium 
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( Laurinoxylon ) parenchymatosum  Schonfeld  (1956)  which  predates  Ulminium  parenchymatosum 
Wheeler,  Scott  and  Barghoorn  (1977),  now  an  invalid  homonym.  Therefore  the  new  species  name 
U.  wheelerae  nom.  nov.  is  erected  here. 


Ulminium  wheelerae  nom.  nov. 

1977  Ulminium  parenchymatosum  Wheeler,  Scott  and  Barghoorn  (non  Schonfeld,  1956);  holotype, 
p.  289,  figs.  12-14. 

Derivation  of  name.  After  Professor  Elisabeth  A.  Wheeler  in  recognition  of  her  work  on  fossil  dicotyledonous 
wood  floras  of  the  USA. 


Ulminium!  sp. 
Plate  70,  figs.  7 and  8 

Material.  BM(NH).  V.24,  slides  V.24S1-6. 


Locality  and  horizon.  In  situ , railway  cutting,  Shaw,  near  Newbury,  Berkshire;  Upper  Palaeocene,  Reading 
Beds. 


Collection  details.  Collected  by  Professor  T.  R.  Jones,  1881. 

Description.  Single  silicified  piece  of  secondary  xylem,  meausuring  9 cm  x4  cm  x4  cm  before  sectioning.  No 
evidence  of  incremental  growth. 

Vessel  elements:  diffuse  porous;  7-11/mm2;  solitary  (60%)  and  in  radial  multiples  of  2-5  cells  (PI.  70,  fig. 

7) ;  tangential  diameter  range  56-212  /mi,  mean  168  /mi ; length  range  14CG420  //m,  mean  335  /an ; intervascular 
pitting  alternate,  bordered,  1 1-14  /mi  in  diameter,  vessel  to  ray/parenchyma  pitting  not  preserved;  thin-walled 
tyloses  present. 

Parenchyma : paratracheal,  vasicentric. 

Rays:  4-6  per  tangential  mm;  all  the  rays  are  multiseriate;  width  range  50-120  pm  (2-3  cells),  mean  84  /mi; 
height  range  400-1400 /mi  (10-31  cells),  mean  900 /mi  (16  cells);  heterogeneous  type  III,  with  multiseriate 
portions  composed  of  procumbent  cells,  marginal  rows  composed  of  1-2,  square  to  upright  cells  (PI.  70,  fig. 

8) . 

Imperforate  tracheary  elements:  libriform  fibres;  septate;  tangential  diameter  range  20-30 /mi  (length 
indeterminate  because  of  poor  preservation);  thin-walled;  pitting  not  observed. 

Oil  or  mucilage  idioblasts?:  possible  remains  of  large,  inflated  cells  in  ray  margins  and  amongst  fibres,  very 
poorly  preserved  (PI.  70,  fig.  8). 


Remarks.  Several  diagnostically  important  features  are  seen  poorly  or  lacking  in  this  wood  because 
of  its  poor  preservation,  especially  vessel  to  ray  pitting  and  parenchyma,  but  the  paucity  of  in  situ 
fossil  dicotyledonous  woods  from  the  Reading  Beds  justifies  inclusion  here.  In  tangential  section, 
some  rays  appear  to  have  inflated  cells  and  they  look  similar  to  oil  or  mucilage  idioblasts  in 
photographs  of  U.  siissi  Greguss  (1969)  and  Cinnamomoxylon ? sp.  (Greguss  1969,  pi.  18,  figs.  4 and 
5,  pi.  20,  figs.  2 and  3).  The  possible  oil  or  mucilage  idioblasts  in  combination  with  vasicentric? 
parenchyma,  2-3  seriate,  heterogeneous  type  III  rays,  large  intervascular  pitting  and  simple 
perforation  plates  indicate  possible  lauraceous  affinity.  It  is  therefore  regarded  (with  some 
reservations)  as  an  indeterminate  species  of  Ulminium. 

According  to  Chandler  (1964)  at  least  eight  genera  of  lauraceous  fruits  and  seeds  are  known  from 
the  Lower  Tertiary  of  Britain,  ranging  from  the  Reading  and  Woolwich  Beds  to  the  London  Clay. 
Both  lauraceous  specimens  described  here  are  diffuse  porous  woods  and  were  probably  growing  in 
tropical  or  subtropical  conditions.  Present-day  Lauraceae  remains  a tropical  or  sub-tropical  family. 
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Family  platanaceae?  Damortier  (1829)  or  icacinaceae?  Miers  (1851) 
Genus  plataninium  Unger  (1842)  emend.  Brett  (1972) 

Type  species.  Plataninium  acerinum  Unger  (1842)  horizon  and  locality  unknown. 


Plataninium  decipiens  Brett  (1972) 

1972  Plataninium  decipiens  Brett,  p.  497,  pi.  99,  figs.  3-6 
1977  Plataninium  decipiens ; Suss  and  Miiller-Stoll,  pp.  50,  51,  57 

Material.  BM(NH)  V.62922,  slides  V.62992S1-10. 

Locality  and  horizon.  Collected  loose  on  surface,  Farnborough,  Berkshire;  Upper  Palaeocene,  Reading  Beds. 
Collection  details.  Collected  by  Mr  A.  de  S.  Dacrelacey,  1984. 

Description.  A single  silicified  piece,  measuring  11  cm  x 8 5 cm  x 7 cm  before  cutting.  Secondary  xylem  with  no 
evidence  of  incremental  growth. 

Vessel  elements:  diffuse  porous,  exclusively  solitary;  12-19/mm2;  tangential  diameter  30-100  /an,  mean 
75  pm\  length  520-1040 //m,  mean  800  /mi;  perforation  plates  scalariform  with  14-24  bars;  vessel  to 
ray /parenchyma  pitting  scalariform,  poorly  preserved. 

Parenchyma:  apotracheal,  diffuse-in-aggregate  in  short,  uniseriate,  tangential  lines  extending  from  ray  to 
ray. 

Rays:  1-2  per  tangential  mm;  all  multiseriate;  width  50-560  //m  (4—30  cells),  mean  400  pm  (20  cells),  height 
560-10000  /mr  (25^400  cells),  mean  5000  /mr  (250  cells);  homogeneous  to  heterogeneous  type  III,  multiseriate 
portion  of  ray  composed  of  procumbent  cells,  with  1-3  rows  of  procumbent  to  square  marginal  cells. 

Imperforate  tracheary  elements:  fibre-tracheids,  distribution  random;  tangential  diameter  154-25  //nr 
(length  indeterminate  because  of  poor  preservation);  approaching  thick-walled;  distinctly  bordered  pits  on 
both  radial  and  tangential  faces. 

Remarks.  Plataninium  decipiens  was  placed  in  Platanaceae?  by  Brett,  but  Siiss  and  Miiller-Stoll 
(1977)  exclude  it  from  their  list  of  fossil  woods  allied  to  Platanus  (as  they  do  for  Brett’s  Platanus 
sp.).  The  problematic  affinities  of  platanoid  woods  have  also  been  discussed  at  length  by  Greguss 
1969;  Page  1967-8,  1981;  Scott  and  Wheeler  1982;  Wilkinson  1984;  Wheeler  et  at.  1977. 

The  present  specimen  differs  from  the  holotype  mainly  in  the  absence  of  growth  rings  and  in  vessel 
density  and  ray  width.  Brett’s  description  includes  variation  of  this  nature  between  the  holotype  and 
paratype.  The  holotype  has  obscure  growth  rings,  vessel  density  of  30/mm2  and  rays  2-18  cells 
wide,  whilst  the  paratype  has  no  growth  rings,  a vessel  density  of  42/mm2  and  rays  4-25  cells  wide. 
In  comparison  V.62922  has  no  growth  rings,  vessel  density  of  12-19  cells/mm2  and  rays  4-30  cells 
wide.  This  can  almost  certainly  be  accounted  for  by  known  variation  within  single  species  of  fossil 
and  living  woods.  A comparable  range  of  variation  is  shown  by  Plataninium  haydeni  Felix  (1896) 
emend.  Wheeler,  Scott  and  Barghoorn  1977  from  the  Eocene  of  Yellowstone  and  Clarno  (Wheeler 
et  al.  1977).  A study  of  Recent  Platanus  concluded  that  vessel  size,  density,  and  shape  of  vessels  is 
extremely  variable  within  single  species  (Siiss  and  Miiller-Stoll  1975). 

The  specimen  described  in  this  paper  was  found  loose,  presumably  weathered  out  from  the 
underlying  Reading  Beds.  In  comparison  with  another  wood  ( Ulminium  sp.,  BMNH  V.24)  collected 
in  situ  from  Reading  Beds  exposed  in  a railway  cutting  at  Shaw  near  Newbury,  Berkshire  (about 
26  km  from  Farnborough),  the  similar  colour  and  gross  preservational  features  suggest  that 
V.62922  is  also  from  the  Reading  Beds. 

Crane  (1978)  noted  that  platanoid  leaves  occur  in  clay  and  silt  pockets  of  the  Reading  Beds  at 
Cold  Ash  Quarry  near  Newbury. 
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Family  eupteleaceae?  Wilhelm  (1910),  fagaceae?  Dumortier  (1829),  icacinaceae?  Miers 
(1851)  or  platanaceae?  Dumortier  (1829) 


Plataninium  brettii  sp.  nov. 
Plate  71,  figs.  1-4 


Diagnosis.  [Secondary  xylem].  Distinct  growth  rings  2-3  mm  wide.  Vessel  distribution  diffuse 
porous,  50/mm2,  with  tangential  alignment;  mainly  solitary  with  a few  radial  groups  up  to  4 cells, 
vessel  tangential  diameter  mean  35  pm,  perforation  plates  scalariform,  usually  with  15  fine  bars, 
intervascular  and  vessel  to  ray  pitting  opposite  to  alternate,  round,  elongate  or  approaching 
scalariform.  Rays  2-5  per  tangential  mm,  of  two  distinct  sizes,  multiseriate  (6  or  more  cells  wide) 
or  uniseriate,  multiseriate  ray  mean  width  80  pm  (9  cells),  mean  height  3000 //m  (168  cells), 
uniseriate  mean  width  15  /mi,  mean  height  600  pm  (24  cells),  heterogeneous  type  II— III,  uniseriate 
margins  of  4 or  more  cells,  uniseriate  rays  composed  of  procumbent  and  upright  cells.  Fibre - 
tracheids  with  distinctly  bordered  pits. 

Derivation  of  name.  After  Dr  D.  W.  Brett  who  began  the  description  of  British  Tertiary  dicotyledonous  wood. 
Holotype.  BM(NH)  V. 25264,  slides  BM(NH)  V.25264S1-3  (PI.  71,  figs.  1-4). 

Locality  and  horizon.  Mull,  Inner  Hebrides;  Palaeocene,  Interbasaltic  Beds,  Plateau  Volcanics  Series. 
Description.  Single  silicified  piece  measuring  5-7  cm  x 2-5  cm  x 3 5 cm  after  cutting. 

Vessel  elements:  tangential  diameter  range  14-56  pm  (many  vessels  are  tangentially  compressed  and  could 
not  be  measured;  also  element  length  could  not  be  accurately  established  due  to  poor  preservation), 
perforation  plates  with  4^40  bars  (PI.  71,  fig.  3;  intervascular  pitting  round  to  scalariform  (near  perforation 
plates),  diameter  3-30  //m,  vessel  to  ray/parenchyma  pitting  similar  to  intervascular  (PI.  71.  fig.  4);  thin-walled 
tyloses  present. 

Parenchyma:  possibly  apotracheal,  diffuse-in-aggregate  type  (very  poorly  preserved). 

Rays:  uniseriate  rays  moderately  common,  sometimes  with  biseriate  portions  (PI.  71,  fig.  2);  overall  width 
range  10-150  pm  (1-14  cells);  uniseriate  ray  height  range  220-2500  //m  (9-85  cells),  multiseriate  ray  height 
range  1800-6000  pm  (60-216  cells). 

Imperforate  tracheary  elements:  fibre-tracheids  (diameter  and  length  not  determinable  due  to  poor 
preservation);  distinctly  bordered  pits  on  radial  walls. 

Comparison.  This  wood  is  closely  comparable  to  extant  Fagus  (Fagaceae),  Platanus  (Platanaceae), 
Ottoschultzia  (Icacinaceae)  and  Euptelea  (Eupteleaceae).  Although  Euptelea , Fagus  and  Otto- 
schultzia  have  common  uniseriate  rays  and  rays  of  two  sizes,  only  Euptelea  and  Ottoschultzia  have 
entirely  scalariform  perforation  plates.  However  they  also  have  rays  that  are  hetergeneous  I or  II 
and  short,  numerous  uniseriate  rays.  Platanus  has  some  alternate  pitting  but  has  homogeneous 
multiseriate  rays  with  low  margins,  rare  uniseriate  rays  and  simple  as  well  as  scalariform  perforation 
plates.  Amongst  fossil  woods  the  Mull  species  show  most  similarity  to  Platanoxylon  catenation  Suss 
and  Miiller-Stoll  (1977)  from  the  Lower  to  Middle  Eocene  of  Amethyst  Mountain,  Yellowstone 
National  Park,  Wyoming,  USA,  and  Icacinoxylon  laticiphorum  Greguss,  1969  from  the  Oligocene 
of  Dorog,  Hungary.  P.  catenation  has  simple  and  scalariform  perforation  plates  and  fewer,  shorter, 
and  more  homogeneous  uniseriate  rays  whilst  I.  laticiphorum  has  radial  ducts  in  the  rays. 

Remarks.  The  foregoing  comparison  indicates  that  Plataninium  brettii  shows  similarities  to  four 
extant  families,  of  which  Platanaceae  and  Fagaceae  are  represented  by  other  fossil  remains  in  the 
Interbasaltic  Ardtun  Leaf  Beds.  Crane  et  al.  (1988)  in  a study  of  the  platanaceous  leaf  Platanites 
hebridicus  Forbes  (1851)  and  its  associated  reproductive  structures  from  these  beds  have  noticed 
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important  differences  between  these  fossils  and  Recent  Platanus.  Crane  et  al.  cite  these  fossils  as 
further  examples  of  the  much  greater  morphological  diversity  found  in  platanaceous  reproductive 
and  vegetative  remains  reported  from  Cretaceous  and  Palaeogene  strata  (Manchester  1986). 
Plataninium  brettii  may  be  the  wood  of  the  ‘ Plat  unites  hebridicus  plant’  and  also  reflect  this 
diversity,  differing  from  Recent  Platanaceae  by  possessing:  (a)  exclusively  scalariform  perforation 
plates,  (b)  heterogeneous  rays,  (c)  common  and  high  uniseriate  rays.  These  features  are  noted  as 
occurring  in  wood  assigned  to  fossil  Platanaceae  but  not  any  of  the  Recent  species  by  Manchester 
(1986),  Page  (1968),  and  Suss  and  Muller-Stoll  (1977). 

Because  of  doubts  over  the  affinity  of  P.  brettii  it  is  not  included  in  the  genus  Platanoxylon 
Andreanzsky  (1952)  for  fossil  wood  of  Platanus  sensu  stricto  (Siiss  and  Muller-Stoll  1977),  nor  in 
Icacinoxylon  Schilkina  (1956)  for  fossil  wood  of  unspecialized  Icacinaceae,  or  Fagoxylon  Stopes 
and  Fujii  (1910  emend.  Siiss  1986)  for  fossil  wood  of  Fagus , or  Euptelea.  Its  inclusion  in  Plataninium 
sensu  Page  (1968)  connotes  woods  of  problematic  affinity  having  solitary  vessels,  apotracheal 
diffuse-in-aggregate  parenchyma,  wide  multiseriate  rays  and  scalariform  perforation  plates  showing 
probable  affinity  with  Eupteleaceae,  Fagaceae,  Icacinaceae,  or  Platanaceae. 


Family  sapotaceae  A.  L.  Jussieu  (1789) 

Genus  sapotoxylon  Felix  (1882) 

Type  species.  Sapotoxylon  taeniatum  Felix  (1882)  from  the  Tertiary  of  Bavaria,  West  Germany. 

Sapotoxylon  atkinsoniae  sp.  nov. 

Plate  69,  figs.  7-9;  Plate  70,  figs.  1 and  9;  Table  4 
Derivation  of  name.  After  the  collector,  Mrs  P.  Atkinson. 

Holotype.  BM(NH)  V. 62706,  slides  V.620706$l,2  (PI.  69,  figs.  7 and  8). 

Paratypes.  BM(NH)  V. 62704,  slides  V.62704$l,2  (PI.  70,  figs.  1 and  9);  V. 62705,  slides  V.62705$l,2  (PI.  69, 
fig.  9). 

Locality  and  horizon.  Collected  loose  from  the  beach.  Isle  of  Sheppey,  Kent;  Lower  to  Middle  Eocene,  London 
Clay. 

Diagnosis.  [Secondary  xylem].  Vessel  distribution  diffuse  porous,  20-25/mm2,  solitary  or  commonly 
in  radial  multiples  of  2-4,  tangential  diameter  means  63-98  //m,  element  length  means  360-420  pm, 
perforation  plates  simple,  intervascular  pitting  alternate,  bordered,  diameter  3-5  pm,  vessel  to 
ray/parenchyma  pitting  similar  to  intervascular  pitting.  Parenchyma  as  apotracheal  bands,  1-3  per 
radial  mm,  moderately  continuous,  1^4  cells  wide.  Rays  are  1-3  cells  wide  with  common  uniseriate 
rays,  some  rays  with  two  biseriate  portions  per  ray,  often  the  same  width  as  uniseriate  portions, 
width  means  22-25  pm  (1-2  cells),  uniseriate  ray  height  means  150-200  pm  (4-7  cells),  multiseriate 
ray  height  means  280-590  pm  (10-23  cells),  heterogeneous  II,  the  multiseriate  rays  with  marginal 
rows  of  1-4,  square  to  upright  cells,  the  uniseriate  rays  consisting  of  square  and  upright  cells.  Fibres 
libriform  and  thin-walled. 

Description.  Three  calcified  specimens,  the  largest  (V. 62704)  25  cm  diameter  by  12  cm  thick.  Much  of  the  wood 
has  been  destroyed  by  Teredo  burrows.  No  evidence  of  incremental  growth. 

Vessel  elements  (Table  4):  solitary  (30%)  and  in  radial  multiples  of  2— 4,  mostly  2 (50%)  (PI.  69,  fig.  7);  some 
vessels  filled  with  a brown  substance  that  was  probably  gum. 

Parenchyma;  apotracheal,  mainly  as  moderately  continuous  bands  that  can  end  abruptly;  broadly  spaced 
(PI.  69,  figs.  7 and  8);  some  diffuse  cells;  chambered  cells  present,  with  up  to  four  crystalliferous  chambers 
(PI.  70,  fig.  9). 
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table  4.  Variability  in  quantitative  features  of  Sapotoxylon 
atkinsoniae  sp.  nov.  td  = tangential  diameter;  el  = element 
length;  rw  = ray  width;  mh  = multiseriate  height;  uh  = uni- 
seriate  height. 


V. 62704 

V. 62705 

V. 62706 

Vessels 

TD  mean  (/zm) 

98 

80 

63 

TD  range 

70-140 

48-120 

42-98 

EL  mean  (/zm) 

360 

420 

400 

EL  range 

250-470 

310-580 

280-560 

Rays 

RW  mean  (//m) 

22 

23 

25 

RW  range 

16-27 

1 5-30 

16-30 

RW  range  (cells) 

1-2 

1-2 

1-2 

MH  mean  (gm) 

280 

580 

560 

MH  range 

1 80^120 

200-980 

120-440 

MH  mean  (cells) 

10 

23 

12 

MH  range 

7-19 

6-35 

3-20 

UH  mean  (/mi) 

150 

200 

— 

UH  range 

120-210 

1 10-600 

66 

UH  mean  (cells) 

4 

7 

— 

UH  range 

3-10 

2-14 

2 

Rays  (Table  4):  7-9  per  tangential  mm;  mainly  biseriate  with  fairly  common  uniseriate  rays  except  V. 62706 
where  uniseriate  rays  are  very  rare;  biseriate  portions  composed  of  procumbent  cells  (PI.  69,  fig.  9;  PI.  70, 
fig  I). 

Imperforate  tracheary  elements:  libriform  fibres  in  radial  files;  diameter  7-21  pm  (length  not  determinable 
due  to  poor  preservation);  pitting  not  observed. 

Comparison.  Certain  genera  within  extant  Sapotaceae  and  Rubiaceae  show  the  greatest  similarity  to 
this  fossil.  In  Rubiaceae  apotracheal  parenchyma  bands  four  cells  in  width  are  present  in  species  of 
Alibertia , Craterispermum , Fernelia , Jackia  and  Stenostomum.  A specimen  of  Alibertia  edulis  Rich 
(1830)  in  the  collection  at  Kew  possesses  bands  13  mm  apart  but  it  has  a much  higher  percentage 
of  solitary  vessels  and  longer,  heterogeneous  I rays.  Fibres  in  Rubiaceae  usually  also  have  bordered 
pits  (fibre-tracheids),  although  these  may  be  small  and  indistinct.  No  pitting  could  be  observed  on 
the  fibres  in  the  Sheppey  fossils  (SEM  examination  of  fossil  fragments  may  resolve  such  detail 
(Crawley  1988)  but  is  prevented  in  this  case  by  the  nature  of  the  specimens).  In  Sapotaceae  some 
species  in  the  genera  Argania , Manilkara,  Matichodendron , Mimusops , Neoxy there.  Pouteria  and 
Sandwithiodoxa  have  similar  apotracheal  bands  but  in  all  the  species  examined  these  were  up  to 
1 mm  apart  not  1-3  mm  apart.  However,  in  vessel  distribution,  parenchyma  type,  and  ray 
composition  the  fossils  show  the  greatest  similarity  to  Sapotaceae,  especially  Urbanella  excelsa 
(Smith)  Aubreville  (1962)  as  figured  by  Kukachka  (1982). 

Two  species  of  fossil  Sapotaceae  possess  apotracheal  banded  parenchyma:  Palaeosideroxylon 
flammula  Grambast-Fessard  (1968)  from  the  Upper  Miocene  of  Castellane,  south-east  France  and 
Sapotoxylon  taeniatum  Felix  (1882)  from  the  Tertiary  of  Bavaria,  West  Germany.  Both  are  distinct 
from  the  Sheppey  woods  because  P.  flammula  has  vessels  in  a tangential  'flame ’-like  arrangement 
and  5.  taeniatum  has  larger  vessels  (180  pm  diameter)  and  1-3  seriate  rays. 

Remarks.  Inclusion  in  the  genus  Sapotoxylon  Felix  (1882),  indicates  fossil  woods  of  sapotaceous 
affinity  but  not  closely  comparable  to  any  extant  genus.  Sapotaceae  are  also  represented  in  the  flora 
of  the  Fondon  Clay  by  four  species  of  fruits  and  seeds  belonging  to  the  genera  Sapoticarpum  Reid 
and  Chandler  (1933)  (three  spp.)  and  Sapotispermum  Reid  and  Chandler  (1933).  As  was  found  for 
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table  5.  Comparison  of  quantitative  features  of  Tarrietioxylon  hazzeldinewarrenii 
sp.  nov.  and  T.  cf.  hazzeldinewarrenii.  td  = tangential  diameter;  el  = element 
length;  mw  = multiseriate  width;  mh  = multiseriate  height;  uh  = uniseriate 
height. 


V. 28223 

V. 27120 

V.275I  1 

V. 28222 

Vessels 

TD  mean  (/mi) 

196 

160 

140 

158 

TD  range 

105-245 

102-280 

84-170 

104-196 

EL  mean  (//m) 

590 

380 

— 

— 

EL  range 

240-840 

170-700 

— 

— 

Rays 

MW  mean  (/mi) 

140 

245 

245 

280 

MW  range 

70-210 

70-280 

75-280 

80-315 

MW  range  (cells) 

4 

6 

6 

7 

MW  range 

2-6 

.2-8 

2-7 

2-10 

MH  mean  (/mi) 

1520 

900 

1 100 

980 

MH  range 

560-3360 

400-1600 

340-1760 

400-1620 

MH  mean  (cells) 

34 

24 

30 

28 

MH  range 

1 3-68 

1 1-36 

12-40 

11-38 

UH  mean  (/mi) 

693 

220 

330 

280 

UH  range 

420-980 

160-300 

220-440 

160-550 

UH  mean  (cells) 

9 

4 

6 

5 

UH  range 

6-14 

3-7 

5-9 

3-9 

the  woods  only  the  family  affinity  of  these  fruits  and  seeds  seems  clear  (Reid  and  Chandler  1933). 
Today  Sapotaceae  are  mainly  tropical  and  of  wide  distribution.  They  form  an  important  part  of  the 
ecosystem  of  the  neotropics,  constituting  up  to  25%  of  timber  volume  in  the  Amazon  Basin 
(Kukachka  1982). 

Family  sterculiaceae  Bartling  (1830) 

Genus  tarrietioxylon  Krausel  (1922) 

Type  species.  Tarrietioxylon  sumatrense  Krausel  (1922)  from  the  Middle  Miocene  of  Muara  Bungin  am  Sungi 
Pobungo,  Indonesia. 

Tarrietioxylon  hazzeldinewarrenii  sp.  nov. 

Plate  72,  figs.  7,  9-11 ; Table  5 

Derivation  of  name.  After  the  collector,  Mr  S.  Hazzeldine-Warren. 

Holotype.  BM(NH)  V. 28223,  slides  V. 28223S1— 4 (PI.  72,  figs.  9-11). 

Locality  and  horizon.  St  Albans  Sand  Company  Pit,  Nazeing,  near  Harlow,  Essex;  Upper  Palaeocene,  Reading 
Beds. 

Diagnosis.  [Secondary  xylem].  Vessels  diffuse  porous,  3-6/mm2,  mainly  in  radial  multiples  of  2 
(70%),  mean  tangential  diameter  196  pm,  mean  length  590  //m,  perforation  plates  simple;  pitting 
with  coalescent  apertures,  intervascular  and  vessel  to  ray/parenchyma  pitting  alternate,  bordered, 
5-6  pm  diameter.  Parenchyma  paratracheal  and  apotracheal ; paratracheal  as  vasicentric  sheaths 
1-4  cells  broad,  apotracheal  as  diffuse  and  diffuse-in-aggregate  uniseriate  chains.  Rays  4-6  per 
tangential  mm,  of  two  distinct  sizes:  4—5  seriate  or  uniseriate,  the  uniseriate  rays  common  and 
approaching  a storied  condition;  overall  width  range  30-210  /;m  (1-6  cells),  uniseriate  width  mean 
30  pm,  multiseriate  width  mean  140  pm  (4-5);  cells),  uniseriate  ray  height  mean  693  pm  (9  cells), 
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multiseriate  ray  height  mean  1520  /mi  (34  cells),  heterogeneous  type  II— III,  multiseriate  rays  with 
1-2,  square  to  upright,  marginal  cells,  uniseriate  rays  composed  of  procumbent,  square  and  upright 
cells.  Sheath  cells  present.  Fibres  libriform  and  thin-walled. 

Description.  A single  silicified  piece,  5 cm  x 4 cm  x 2 cm  before  cutting.  Growth  rings  only  weakly  defined. 

Vessel  elements  (Table  5):  solitary  and  in  radial  multiples  of  2-6  (PI.  72,  fig.  9),  some  irregular  clusters 
present  at  growth-ring  boundary;  vessel  to  ray /parenchyma  pitting  similar  to  intervascular  but  with  a few 
more  elongate  apertures  occasionally  present  (PI.  72,  fig.  11);  some  vessels  have  dark  contents,  probably  gum 
(and  also  the  remains  of  fungal  hyphae). 

Parenchyma:  apotracheal  as  diffuse  and  diffuse-in-aggregate  uniseriate  chains  linking  rays  (PI.  72,  fig.  9); 
locally  approaching  a storied  condition. 

Rays  (Table  5):  width  range  of  uniseriate  rays  2135  /im;  those  with  multiseriate  portions  composed  of 
procumbent  cells  (PI.  72,  fig.  10);  some  cells  with  very  dark  contents  that  were  probably  gum  cysts  (PI.  72, 
fig.  7). 

Imperforate  tracheary  elements:  libriform  fibres;  diameter  15-35  pm,  length  not  determinable  due  to  poor 
preservation;  thin-walled;  pitting  not  observed. 

Comparison.  The  most  similar  genera  occur  in  extant  Sterculiaceae,  particularly  species  of  Heritiera 
and  Tarrietia.  Both  genera  are  recorded  as  having  entirely  storied  parenchyma,  but  this  feature  can 
be  variable  as  in  some  specimens  of  H.  cochinchinensis  (Pierre)  Kostermans  (1973),  H.  simplicifolia 
(Masters)  Kostermans  (1959)  and  T.  atilis  (Sprague)  Sprague  (1916)  (illustrations  in  Miles  1978; 
Normand  and  Paquis  1976). 

Several  species  in  the  fossil  sterculiacean  genera  Sterculioxylon  Krausel  (1939)  and  T arrietioxylon 
Krausel  (1922)  are  closely  comparable  to  the  Nazeing  wood:  S.  dattai  Prakash  and  Tripathi  (1974) 
from  the  Upper  Miocene  of  Flailakandi,  Assam,  India;  S.  deccanensis  Lakhanpal,  Prakash  and 
Bande  (1976)  from  the  Palaeocene/Eocene  Deccan  Intertrappean  Series  of  Mohgaon,  Madhya 
Pradesh,  India;  S.  foetidense  Prakash  (1973)  from  the  Tertiary  of  Burma;  S’,  shahpurensis  Bande  and 
Prakash  (1980),  from  the  Palaeocene/Eocene  Deccan  Intertrappean  Series  of  Shahpura,  Madhya 
Pradesh,  India,  and  T.  sumatrense  Krausel  (1922),  from  the  Middle  Miocene  of  Muara  Bungin  am 
Sungi  Pobungo,  Indonesia.  S.  dattai  has  6-9  seriate  rays  up  to  1500  pm  high,  and  uniseriate  rays 
composed  of  procumbent  cells;  S.  deccanensis  has  ten  seriate  rays  up  to  4800 /mi  in  height. 
S.  foetidense  has  sparse  uniseriate  rays  and  a maximum  vessel  tangential  diameter  of  400  /mi, 
S.  shahpurensis  has  twenty  two  seriate  rays  up  to  8000  /mi  high,  and  T.  sumatrense  has  a higher 
percentage  of  solitary  vessels  and  multiseriate  rays  up  to  1 10  cells  high. 

Remarks.  Studies  by  Manchester  (1979,  1980)  on  the  wood  of  Eocene  and  Recent  Sterculiaceae 
show  that  Chattawaya  paliformis  Manchester  (1980)  does  not  have  noticeably  storied  axial  elements, 
whilst  in  Pterospermum , the  Recent  genus  it  most  closely  resembles,  markedly  storied  axial  elements 
are  usually  found.  This  difference  also  exists  between  the  Eocene  Triplochitioxylon  oregonensis 
Manchester  (1979)  and  the  Recent  Triplochiton.  Manchester  observed  that  the  few  extant  species 
without  storied  axial  parenchyma  had  longer  vessel  elements  as  found  in  the  fossils.  Similarly 
T arrietioxylon  hazzeldinewarrenii  has  a longer  mean  vessel  element  length  than  extant  Heritiera  or 
Tarrietia  and  possesses  unstoried  parenchyma. 


T arrietioxylon  cf.  hazzeldinewarrenii 
Plate  72,  fig.  8;  Table  5 

Material.  BM(NH)  V. 27511,  slides  V.27511SI  -3;  V. 27512,  slide  V.27512S1;  V. 27120,  slides  V.27120S1-4; 
V. 28222,  slides  V.28222S1  3 (PI.  72,  fig.  8). 

Locality  and  horizon.  Nazeing,  near  Harlow,  Essex;  Upper  Palaeocene,  Reading  Beds. 

Collection  details.  Collected  by  Mr  S.  Hazzeldine-Warren. 
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Description.  Three  silicified  pieces,  the  largest  16cmx  12  cm  x 5 cm  before  cutting.  Growth-rings  indistinct 
(V, 27512  not  used  due  to  poor  preservation). 

Vessel  elements  (Table  5):  diffuse  porous,  solitary  and  in  radial  multiples  of  2-4,  mostly  2 (60%), 
occasionally  in  clusters;  5-8/mm2;  perforation  plates  simple;  pitting  with  coalescent  apertures,  mtervascular 
pitting  alternate,  bordered,  4-6  /rm  diameter,  vessel  to  ray /parenchyma  pitting  similar  to  intervascular;  dark 
deposits  in  some  vessels  is  probably  gum  (fungal  hyphae  also  present). 

Parenchyma:  paratracheal,  as  vasicentric  sheaths  1-4  cells  thick,  apotracheal  as  diffuse  and  diffuse-in- 
aggregate  type. 

Rays  (Table  5):  2-4  per  tangential  mm;  of  two  distinct  sizes:  6-7  seriate  and  uniseriate;  uniseriate  rays 
moderately  common  (PI.  72,  fig.  8);  homogeneous  to  heterogeneous  type  III,  rays  with  multiseriate  portions 
composed  of  procumbent  cells,  marginal  rows  of  1-2  cells,  upright,  square  or  procumbent,  uniseriate  rays 
composed  of  procumbent,  square  or  upright  cells;  sheath  cells  present  but  uncommon ; cells  with  dark  contents 
common. 

Imperforate  tracheary  elements:  libriform  fibres;  diameter  20-38  //m  (length  indeterminable  due  to  poor 
preservation);  thin-walled;  pitting  not  observed. 

Remarks.  Tarrietioxylon  hazzeldinewarrenii  and  T.  cf.  hazzeldinewarrenii  are  anatomically  similar 
but  show  some  differences  in  the  rays  and  in  vessel  dimensions.  (PI.  72,  figs.  7 and  8,  Table  5). 
T.  cf.  hazzeldinewarrenii  has  almost  homogeneous  rays,  1-10  cells  broad,  with  fewer  uniseriate  rays. 
Bande  and  Prakash  (1983)  describe  intraspecific  ray  width  variation  in  trunkwood  of  extant 
Sterculia  (Sterculiaceae)  in  relation  to  Sterculioxylon  shahpurensis  and  S.  cf.  shahpurensis.  Similar 
variation  also  occurs  between  branch,  trunk  and  root  wood  within  a single  tree.  Fegel  (1941) 
observed  that  the  largest  ray  volume  is  found  in  the  roots  of  hardwoods.  However  Barefoot  and 
Hankins  (1982)  stated  that  assigning  fragmented  fossil  wood  to  their  relative  positions  on  the  plant 
is  often  impossible.  Certainly  a necessarily  cautious  approach  is  warranted  but  a large  sample  size 
can  justify  an  intraspecific  approach  to  variation  whilst  not  actually  having  to  assign  to  a part  of 
the  tree.  A further  alternative  is  specific  variation.  Some  species  of  Heritiera  have  homogeneous  rays 
with  no  sheath  cells  whilst  others  have  heterogeneous  rays  with  sheath  cells.  Until  a larger  sample  of 
material  is  available  the  fossils  are  treated  as  probably  the  same  species  but  with  some  reservations. 

A single  species  of  sterculacean  fructification  is  known  from  the  Lower  Tertiary  of  Britain, 
Sphinxia  ovalis  Reid  and  Chandler  ( 1933)  from  the  Eocene,  London  Clay.  Present  day  Sterculiaceae 
are  tropical  to  sub-tropical  in  distribution. 


CONCLUSIONS 

The  Palaeocene  woods  of  Eigg  and  Mull  have  distinct  growth  rings;  the  Palaeocene  woods  from 
England,  with  the  exception  of  Ulminium  elliottii , do  not.  This  difference  suggests  different 
environments  for  the  two  groups  of  woods.  Trees  of  seasonal  climates  generally  produce  distinct 
growth  rings.  Although  some  rain  forest  trees  produce  distinct  growth  rings  (Alvim  1964),  it  is 
suggested  that  the  Mull  and  Eigg  woods  grew  in  a seasonal  environment.  Seasonality  for  the  Eigg 
flora  is  further  indicated  by  the  semi  ring  porous  vessel  distribution  seen  in  Eiggoxylon , as  ring 
porosity  is  believed  to  be  an  adaptation  to  seasonal  variation  (Gilbert  1940).  A further 
palaeoecological  distinction  between  these  two  groups  of  fossil  woods  is  evident  from  their 
vulnerability  indices  (Table  6).  Such  indices  result  from  dividing  mean  vessel  diameter  by  mean 
vessel  density  and  provide  an  indication  of  the  potential  resistance  of  the  xylem  to  the  formation 
of  intravessel  air  embolisms  or,  if  these  are  formed,  the  potential  to  restrict  the  resulting  loss  of 
function  (Carlquist  1977).  These  embolisms  are  produced  by  freezing  or  transpiration  stress.  The 
Scottish  woods  have  low  vulnerability  indices,  indicating  an  environment  of  high  water  stress,  which 
would  be  in  keeping  with  the  temperate  climate  suggested  for  the  Mull  Flora  (Seward  and  Holltum 
1924).  However  the  woods  from  south-east  England  have  high  to  very  high  indices  indicating  an 
environment  lacking  water  stress,  a situation  found  today  in  humid  tropical  and  sub-tropical 
regions.  These  findings  support  the  frostless  climate  proposed  by  Daley  (1972)  for  the  early  Tertiary 
of  southern  England.  The  values  can  be  compared  to  Carlquist’s  average  vulnerability  index  for 
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table  6.  Vulnerability  indices  of  fossil  dicotyledonous  woods  from  Britain. 


Cercidiphylloxylon  spenceri 

0-3 

Plataninium  brettii 

0-7 

Eiggoxylon  reidii 

1-9 

Edenoxylon  ? atkinsoniae 

3-5 

Sapotoxylon  atkinsoniae 

3-5 

Plataninium  decipiens 

4-6 

Ulminium  elliottii 

15-5 

Ulminium ? sp. 

18  6 

Tarrietioxylon  cf.  hazzeldinewarrenii 

25-5 

Tarrietioxylon  hazzeldinewarrenii 

39-2 

primitive  woods  occurring  where  the  water  supply  is  neither  scanty  nor  excessive  (mesophytic), 
calculated  as  2-29. 

All  the  woods  described  here  represent  mature  secondary  xylem  but  in  most  cases  it  is  not  known 
if  they  represent  branch,  trunk  or  root  wood.  Plataninium  decipiens  and  Tarrietioxylon 
hazzeldinewarrenii  / cT  hazzeldinewarrenii  possibly  show  variation  of  this  sort.  Also  the  London  Clay 
species  Edenoxylon ? and  Sapotoxylon  are  clearly  driftwood  remains  because  all  specimens  are 
heavily  bored  by  ship-worms  ( Teredo  sp. ).  Therefore  it  is  perhaps  more  likely  that  these  are  the 
aerial  portions  of  the  tree,  either  large  branches  or  trunks. 

This  study  complements  previous  knowledge  of  the  Palaeogene  vegetation  of  Britain  as  known 
from  the  fruit,  seed  and  leaf  floras  from  the  Ardtun  Leaf  Beds,  London  Clay,  and  Reading  Beds. 
Most  of  the  families  represented  in  this  study  already  had  been  recorded  from  these  floras.  However, 
purely  from  the  standpoint  of  fossil  wood  the  families  Lauraceae,  Sapotaceae  and  Sterculiaceae  are 
new  records  from  Britain.  The  occurrence  of  Cercidiphylloxylon , Ulminium  and  Plataninium  are 
evidence  of  the  similarity  between  the  Palaeogene  woody  floras  of  continental  Europe  and  North 
America. 
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FISH  AND  AMPHIBIAN  TRACE  FOSSILS  FROM 
WESTPHALIAN  SEDIMENTS  OF  BOHEMIA 

by  VOJTECH  TUREK 


Abstract.  In  the  Radnice  basin  of  Bohemia,  fish  and  ethologically  comparable  amphibian  ichnofossils  of 
Upper  Carboniferous  (Westphalian  C)  age  occur  in  limnic  sediments  that  suggest  humid,  tropical  conditions. 
Swimming  trails  of  fish  belonging  to  the  subclass  Actinopterygii,  and  probably  to  the  order  Palaeomsciformes, 
closely  resemble  trails  in  limnoglacial  deposits  of  the  Karroo  Dwyka  and  Ecca  Series  in  South  Africa 
(Anderson  1970,  1976);  the  new  trails  are  assigned  to  Undichna  radnicensis  ichnosp.  nov.  Footprints,  swimming 
traces,  and  resting  traces  of  labyrinthodont  amphibians  belonging  to  the  order  Temnospondyli  (branchio- 
saurids  or  dissorophids)  are  associated  with  the  fish  trails.  The  swimming  traces  are  assigned  to  Lunichnium 
gracile  ichnosp.  nov.  and  L.  anceps  ichnosp.  nov.,  while  the  morphologically  variable  footprints  are  assigned 
to  Gracilichnium  (?)  chlupaci  ichnosp.  nov. 

The  swimming  traces  of  fish  and  tetrapods  have  rarely  been  described.  The  makers  of  such  traces 
are  difficult  to  identify,  even  at  the  class  level,  and  there  are  doubts  as  to  whether  some  were  made 
by  vertebrates  or  invertebrates.  The  number  of  distinct  ethological  types  of  traces  from  the 
Carboniferous  Period  that  can  be  correlated  is  still  very  small. 

A recent  intensive  palaeobotanical  investigation  of  the  Radnice  Basin  (a  classic  region  of  central 
Europe  for  the  limnic  Carboniferous  since  the  work  of  Sternberg  1820-1838)  has  led  to  the  discovery 
of  a rich  trace  fossil  assemblage.  Many  traces  of  invertebrates,  fish,  and  amphibians  were  discovered 
in  claystones  of  Westphalian  C age  immediately  underlying  the  Radnice  seam  (text-fig.  1,  box  1)  at 
an  open-cast  mine  in  Pri'vetice-Ovcm,  west  Bohemia.  The  amphibian  traces  are  remarkable  chiefly 
because  it  is  possibile  to  correlate  directly  between  swimming  traces,  resting  traces,  and  walking 
traces  (footprints).  The  only  other  ichnofossils  previously  described  from  the  Radnice  Member  were 
two  trails  tentatively  ascribed  to  arthropods  by  Walter  (1982).  Body  fossils  are  also  rare  and,  with 
only  one  or  two  exceptions,  are  all  arthropods.  Any  determination  of  the  trace-makers  must  therefore 
be  based  upon  the  fauna  of  the  subjacent  Nyrany  Member  in  particular  (see  Fritsch  1879-1901),  and 
of  the  European  Permo-Carboniferous  in  general. 

Ichnofossils  were  first  found  in  the  Pnvetice-Ovcin  locality  by  K.  Drabek  in  1983,  and  a 
preliminary  report  with  figures  of  the  most  important  specimens  was  given  by  Turek  (1986).  The 
material  is  well  preserved.  Hyporelief  is  always  better  than  epirelief,  but  all  the  morphological 
descriptions  have  been  related  to  epirelief.  This  paper  is  concerned  with  vertebrate  trace  fossils; 
invertebrate  trace  fossils  will  be  discussed  elsewhere. 


REGIONAL  SETTING  AND  STRATIGRAPHY 

Rocks  of  Permo-Carboniferous  age  are  distributed  over  central  and  western  Bohemia,  filling  an  intracratonic 
depression  between  ridges  of  the  Variscan  mountain  range.  This  depression  was  infilled  after  completion  of  the 
main  Variscan  orogeny,  in  the  Upper  Carboniferous  and  Lower  Permian.  Upper  Carboniferous  sediments  of 
continental  origin  occur  today  in  a group  of  tectonically  downthrown  blocks,  north-east  of  Plzen ; they 
comprise  the  Radnice  basin.  Their  deposition  was  preceded  by  volcanic  activity.  The  limnic  sediments  are  of 
Westphalian  age  and  belong  to  the  Radnice  Member  of  the  Kladno  Formation  (Westphalian  C). 

The  Privetice-Ovcin  open-cast  coal  mine  lies  in  the  southern  part  of  the  Radnice  basin,  between  the  villages 
of  Privetice,  Radnice,  and  Skolmelno.  Two  worked  coal  seams  (the  lower  and  upper  Radnice  seams)  are 
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text-fig.  1.  a,  the  Westphalian  sequence  exposed  at  Pnvetice-Ovcm,  Radnice  basin,  Czechoslovakia,  showing 
the  position  of  trace-bearing  beds,  b,  c,  upper  part  of  the  general  sequence  showing  vertical  distribution  of 
ichnofossil  groups  in  the  central  ( b)  and  eastern  (c)  area  of  the  outcrop,  d,  sketch  map  of  Czechoslovakia 
showing  locality  (closed  circle).  Abbreviations:  1,  coal;  2,  clay;  3,  claystone;  4,  tuffaceous  rocks  (tuffaceous 
claystones,  tuffite,  tuff) ; 5,  tuff  with  well-preserved  plants  and  very  rare  arthropods;  6,  in  situ  stems  of 
equisetophytes,  lycopodiophytes,  etc.;  At,  arthropod  traces;  Lt,  amphibian  traces;  and  Ft,  fish  trails. 


mterbedded  with  8-12  m of  volcanic  tuffs,  tuffaceous  claystones,  and  claystones  (text-fig.  1).  The  uppermost 
claystones  contain  the  ichnofauna  and  are  grey  and  very  fine-grained;  they  grade  upwards  into  a grey  clay  that 
immediately  underlies  the  upper  Radnice  seam. 

Stratigraphic  divisions  are  based  primarily  on  the  contained  macroflora  (Sternberg  1820-1838 ; Ettingshausen 
1854;  Feistmantel  1869;  Nemejc  1953;  and  others).  The  rare  fauna  of  Westphalian  age  found  near  Radnice 
consists  of  terrestrial  arthropods  (Zajic  and  Stamberg  1986).  An  isolated  and  undescribed  find  of  cartilage  from 
an  unidentified  fish  is  exceptional.  Such  fossils  all  come  from  a single,  water-lain,  tuffaceous  horizon.  One 
undescribed  insect  fossil  was  recently  found  in  the  overlying  claystones. 


SEDIMENTOLOGICAL  REMARKS 

The  material  filling  the  Radnice  basin  was  deposited  in  a tropical,  humid  environment.  Its  rapid  sedimentation 
was  influenced  by  intensive  volcanic  activity.  In  situ  lycopodiophytes,  equisetophytes,  etc.,  some  4-5  m tall, 
grow  out  of  the  lower  Radnice  coal  seam  and  cross  the  overlying  layers  of  tuffaceous  rocks  at  a slight  angle. 
The  length  of  time  during  which  these  tuffs  and  tuffaceous  claystones  were  deposited  must  therefore  have  been 
a matter  of  months,  or  at  most,  a few  years.  A decrease  in  the  supply  of  volcanic  material  was  undoubtedly 
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the  cause  of  the  much  slower  sedimentation  rate  characteristic  of  the  overlying  claystones  - although  even  this 
rate  was  very  probably  much  higher  than  average  for  the  Upper  Carboniferous  in  central  Bohemia  (cf.  Kukal 
1984).  The  upper  grey  claystones  are  very  fine-grained  and  perfectly  flat-bedded,  with  no  intrastratal 
bioturbation  structures.  The  absence  of  bioturbation,  and  hence  of  any  infauna,  was  probably  due  to  a limited 
food  supply  (cf.  Cohen  1984). 

It  is  clear  from  the  given  ichnocoenosis  that  all  traces  were  formed  subaqueously  and  below  wave  base.  Their 
depth  range  is  hard  to  estimate,  owing  to  the  paucity  of  data  on  the  size  of  the  lake  and  the  configuration  of 
the  surrounding  area,  etc.  It  is  assumed,  however,  that  the  depth  of  the  lake  in  this  marginal  part  of  the  basin 
could  not  have  been  more  than  a few  metres. 

The  absence  of  body  fossils  - apart  from  isolated  plant  remains  (and  discounting  the  appendices  of 
lycopodiophytes  which  penetrated  the  clay  from  above)  - is  considered  to  result  from  two  factors:  1,  an  acid 
reaction  of  the  water,  caused  by  the  addition  of  acidic  volcanic  products  from  the  area  surrounding  the  lake 
(cf.  Masek  1973);  and  2,  efficient  oxygenation  of  the  water  and  hence  rapid  oxidation  of  organic  matter. 
Indeterminate  imprints  may  represent  the  carcasses  of  small  invertebrates,  although  it  seems  likely  that  most 
such  animals  were  devoured  by  amphibians  and  fish.  The  bodies  of  dead  vertebrates  floated  to  the  surface  and 
decomposed,  and  so  left  no  identifiable  traces. 

OCCURRENCE  OF  ICHNOFOSSILS 

All  the  ichnofossils  come  from  the  southern  and  south-eastern  parts  of  the  coal-bearing  depression 
mined  at  Privetice-Ovcm.  Material  was  collected  at  four  outcrop  localities,  aligned  approximately 
south-east  by  north-west  and  spanning  about  80  m.  Ichnofossils  were  found  only  in  the  uppermost 
part  of  the  interval  between  the  lower  and  upper  Radnice  coal  seams  (text-fig.  1),  in  grey,  thinly 
bedded  to  tabular  claystones  whose  thickness  rapidly  diminishes  eastwards  (from  115  cm  at  the 
centre  of  the  depression  to  50  cm  at  the  south-eastern  margin  of  the  mine).  The  first  section 
contained  the  oldest  ichnofossils  (arthropod  trackways),  recorded  23  cm  above  the  base  of  the  grey 
claystones.  In  the  next  20  cm  interval,  very  many  invertebrate  traces  (chiefly  arthropods)  were  found 
at  several  levels.  Swimming  trails  of  fishes  and  amphibians  occurred  in  the  uppermost  30-35  cm. 
The  other  three  sections  studied  exhibited  a similar  pattern  of  ichnofossil  distribution.  The 
swimming  trails  of  fishes  and  amphibians  appear  together  on  some  bedding  planes,  but  fish  traces 
are  generally  far  more  numerous.  The  oldest  swimming  traces,  however,  were  made  by  amphibians. 
The  preponderance  of  fish  traces  is  undoubtedly  associated  with  the  much  greater  physical  activity 
offish.  The  striking  decrease  in  arthropod  traces  is  accounted  for  through  their  destruction  by  the 
movement  of  fish  on  the  bottom;  it  may  also  be  connected  with  feeding  relationships.  In  the 
uppermost  15-20  cm,  where  swimming  trails  are  most  numerous,  the  rootlets  of  lycopodiophytes 
are  common,  both  parallel  with  and  oblique  to  the  bedding.  Immediately  underlying  the  upper 
Radnice  seam  are  grey  clays,  16^40  cm  thick,  from  which  no  fossils  have  so  far  been  recovered. 

The  vast  quantity  of  volcanic  ash  which  accumulated  on  the  floor  of  the  flooded  depression 
undoubtedly  influenced  fundamentally  the  chemistry  of  the  water;  the  change  could  have  been 
lethal  for  most  of  the  inhabitants  of  the  coal-swamp.  Environmental  conditions  evidently  stabilized 
during  deposition  of  the  upper  claystones.  The  possibility  that  the  observed  succession  of 
ichnofossils  reflects  a successive  colonization  of  the  lake  - first  by  invertebrates,  and  then  by 
vertebrates  - cannot  therefore  be  ruled  out.  The  amphibian  traces  come  mainly  from  the  south- 
eastern edge  of  the  exposure,  where  the  depression  was  shallowest. 

TAXONOMIC  AND  ETHOLOGICAL  CLASSIFICATION  OF  ICHNOFOSSILS 

Most  of  the  invertebrate  traces  were  made  by  arthropods;  according  to  the  ethological  classification 
(cf.  Frey  and  Seilacher  1980),  only  crawling  traces  ( Repichnia ) and  resting  traces  ( Cubichnia ),  are 
represented,  together  with  fecal  pellets.  Fine,  smooth,  curving  worm-like  trails  attributable  to  the 
ichnogenus  Haplotichnus  Miller,  1889,  and  problematical  structures  (ichnofossils?),  morphologically 
similar  to  the  genus  Paleoscia  Caster,  1942  (cf.  Osgood  1970),  were  also  found. 

The  vertebrate  traces  belong  to  the  same  ethological  types  as  the  invertebrate  traces;  coprolites 
are  very  rare.  The  amphibian  traces  document  different  behavioural  types  left  by  the  same  animal. 
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and  thus  allow  the  application  of  biotaxonomic  classification.  They  comprise  resting  traces,  walking 
traces  (footprints),  and  swimming  trackways  and  trails,  all  produced  by  labyrinthodont  amphibians 
of  the  order  Temnospondyli  (probably  of  the  family  Branchiosauridae  or  Dissorophidae).  Standard 
palaeoichnological  practice  employs  an  ichnotaxonomic  classification  for  different  ethological 
types,  which  are  defined  by  separate  names  (cf.  Ekdale  et  al.  1984).  It  would  thus  be  possible  in  some 
specimens  (e.g.  PI.  74,  figs.  1,  2)  to  define,  in  the  course  of  a single  trace,  up  to  three  separate  taxa. 
Resting  traces  usually  occur  with  another  ethological  type,  or  can  be  correlated  with  footprints; 
they  are  therefore  not  given  a separate  name.  The  footprints  are  very  diverse  but  their 
morphological  differences  are  related  mainly  to  their  mode  of  formation,  and  they  are  assigned  to 
the  single  ichnospecies  Gracilichnium  (?)  chlupaci  ichnosp.  nov.  Of  the  swimming  trails,  two  new 
ichnospecies  are  differentiated  - Lunichnium  gracile  and  L.  anceps. 

The  morphological  diversity  of  the  fish  swimming  trails  is  considerable.  Since  there  are 
intermediate  forms  between  the  individual  types  of  traces,  they  have  all  been  assigned  to  one  new 
taxon  - Undichna  radnicensis  ichnosp.  nov. 

Other  common  trace  fossils  (in  the  broad  meaning  of  the  term)  are  plant  traces,  represented  in 
soft  sediment  by  rootlets  (penetration  structures)  of  lycopodiophytes. 

FISH  TRACES 

Apart  from  coprolites,  fish  leave  few  traces  of  their  activity  in  the  rock  record  - and  then  only 
benthic  species  living  close  to  the  bottom  are  represented.  Resting  traces  are  most  common;  these 
sometimes  preserve  a rough  outline  of  the  body,  but  are  more  often  mere  depressions  that  give  little 
information  about  the  appearance  of  the  animal  which  made  them  (cf.  Serjeant  1975).  Among 
relevant  studies  of  living  fish,  that  by  Schafer  ( 1962),  based  on  observations  of  species  in  the  North 
Sea,  is  especially  important.  Anderson  (1976,  p.  399)  and  Higgs  (1988,  pp.  271-272)  have  surveyed 
the  most  important  studies  on  fossil  fish  traces. 

Fossil  fish  traces  have  rarely  been  described.  Especially  interesting  palaeoichnological  material 
is  known  from  the  limnoglacial  deposits  of  the  Karoo  Dwyka  and  Ecca  Series  of  South  Africa. 
These  traces  were  first  mentioned  by  Haughton  (1925)  and  later  interpreted  by  Abel  (1935)  as  the 
swimming  trails  of  stegocephalians.  Jubb  and  Gardiner  (1975),  like  Haughton,  regarded  them  as  the 
traces  of  acanthodians.  Anderson  (1970,  1976)  documented  their  piscine  origin  in  a detailed  study. 
This  South  African  material  is  especially  important  to  any  discussion  of  the  new  finds  described 
herein,  particularly  as  the  described  swimming  trails  made  by  recent  fish  show  no  close  resemblances 
to  Upper  Palaeozoic  traces. 

Trace  morphology.  Most  traces  consist  of  just  two  marginal,  subparallel,  sinusoidal  grooves  (Vs  and 
Vd),  12-30  mm  apart  and  accentuated  in  alternate  segments  of  the  sinusoid  (text-fig.  2).  Along  the 
axis  of  the  trace  (less  often  extramedially)  there  is  quite  frequently  a discontinuous  or  continuous 
groove  (At)  which  is  out  of  phase  with  respect  to  the  marginal  grooves.  A further  sinusoidal  groove 
(T),  which  displays  a phase  shift  compared  with  the  others  and  is  characterized  by  its  greater 
amplitude,  lies  inside  the  trace,  but  is  not  always  in  evidence;  its  marginal  course  often  intersects 
the  Vs  or  the  Vd  line.  Exceptionally,  in  markedly  asymmetrical  traces,  short,  almost  linear  grooves 
(P)  appear  at  regular  intervals  which  equate  roughly  with  the  wavelength  of  the  Vs  and  Vd  lines, 
on  the  side  nearer  to  the  T line.  They  make  an  angle  of  55-100°  with  the  axis  of  the  trace  and  are 
no  more  than  1 cm  long. 

Sometimes  the  undulating  character  of  the  trace  is  obscured  by  pronounced  signs  of  sediment 
movement.  The  accentuated  segments  of  the  Vs  and  Vd  lines  may  be  directed  obliquely  backwards 
and  change  over  to  a large  number  of  feathery  grooves.  The  grooves  (p)  along  the  sides  of  the  trace 
are  sometimes  the  dominant  morphological  feature,  when  they  may  be  distributed  rather  irregularly 
and  of  varying  prominence  and  length. 

While  in  general  the  traces  usually  follow  an  almost  straight  course,  occasionally  a sudden  change 
of  direction  is  evidenced  and  sometimes  they  may  simply  fade  away  (text-fig.  3). 
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text-fig.  2.  a-c,  simplified  drawings  of  fish  swimming 
trails  Undichna  radnicensis  ichnosp.  nov.,  with  an 
explanation  of  terms  used  in  the  paper  and  their 
morphological  interpretation,  based  on : a,  M 2089  (PI. 
73,  fig.  2);  b,  M2092  (as  used  to  estimate  body  length; 
text-fig.  3a);  and  c,  M 2638.  d,  supposed  origin  of  the 
fish  swimming  trail.  Abbreviations:  am,  amplitude  of 
marginal  grooves;  At,  groove  made  by  anal  fin;  ax, 
axis  of  trail;  P and  p,  grooves  left  by  pectoral  fins;  T, 
inner  groove  made  by  caudal  fin;  Vd,  marginal 
groove  made  by  right  ventral  hn ; Vs,  marginal  groove 
made  by  left  ventral  hn ; wl,  wave  length ; 1 , supposed 
position  of  head;  2,  end  of  anal  hn;  3,  end  of  lower 
lobe  of  caudal  hn ; 4,  end  of  upper  lobe  of  caudal  hn ; 
arrow  indicates  direction  of  movement  of  trace  maker. 


Trace  makers.  The  swimming  trails  give  no  indication  of  the  taxonomic  diversity  of  the  living 
assemblage  which  made  them.  Their  morphological  similarity  and  the  existence  of  intermediate 
forms  suggest  that,  if  the  traces  were  left  by  several  species,  their  representatives  were  both 
morphologically  and  ethologically  similar.  The  makers  of  such  swimming  traces  must  have  been 
either  fish  or  amphibians,  but  the  latter  is  less  likely,  for  the  following  reasons:  1,  the  traces  show 
no  resting  traces  or  footprints;  2,  the  morphology  of  the  traces  is  consistent  with  a simple  functional 
interpretation  if  we  consider  the  possibility  that  they  were  made  by  fish  (it  is  clear  that  they  were 
formed  by  the  edges  of  fins,  and  not  by  rigid  outgrowths;  see  below);  3,  from  their  general  character, 
the  traces  must  have  been  made  by  animals  with  a relatively  high  rate  of  physical  activity;  and  4, 
the  present  material  is  very  similar  to  the  swimming  trails  found  in  the  Lower  Permian  of  South 
Africa  and  the  Tipper  Carboniferous  of  south-west  England,  and  which  were  all  interpreted  as  the 
traces  of  fish  or  acanthodians  (Anderson  1970,  1976;  Jubb  and  Gardiner  1975;  Higgs  1988). 

The  main  fish  groups  which  merit  consideration  as  potential  trace  makers  are  the  Acanthodii  and 
the  Osteichthyes;  both  are  well  represented  in  the  European  Carboniferous.  If  acanthodians  were 
responsible,  then  the  width  of  some  traces  (over  30  mm)  indicates  a relatively  large  fish,  with  a total 
body  length  of  more  than  15  cm.  This,  however,  is  contradicted  by  the  total  body  length  estimated 
from  the  actual  traces  (see  below).  The  indistinctness  of  the  marginal  Vs  and  Vd  grooves  as  well  as 
the  single  groove  (At)  shows  that  these  marks  were  not  made  by  spines,  but  by  the  flexible  ends  of 
fins  (see  PI.  73,  fig.  2).  The  trace  makers  were  therefore  more  likely  to  have  been  Osteichthyes,  and 
probably  members  of  the  subclass  Actinopterygii  (with  a heterocercal  caudal  fin)  - and  which  are 
indeed  the  most  common  fish  in  the  Upper  Carboniferous  of  Bohemia. 

The  traces  enable  some  conclusions  to  be  drawn  concerning  the  gross  morphology  of  their 
makers.  The  fish  had  a typical  piscine  body,  i.e.  torpedo-shaped.  All  the  fins  were  ‘ normal  ’ in  length, 
so  that  when  swimming  close  to  the  bottom,  the  lower  lobe  of  the  heterocercal  caudal  fin,  the  distal 
end  of  the  anal  fin,  and  the  ends  of  the  ventral  fins  might  contact  the  substrate.  The  traces  left  by 
the  pectoral  fins  (especially  where  the  animal  suddenly  changed  direction;  text-fig.  3a)  suggest  that 
they  were  relatively  long,  and  that  their  length  probably  exceeded  the  width  of  the  body. 

In  estimating  the  length  of  the  fish’s  body  from  the  traces  available,  Bainbridge’s  (1958,  1963) 
observations  of  recent  teleostomes  were  taken  into  account.  He  observed  that  the  amplitude  of  the 
caudal  fin  was  not  more  than  one  fifth  of  body  length,  and  also  that,  above  a certain  minimum 
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text-fig.  3.  Undichna  radnicensis  ichnosp.  nov.,  Type  A.  Fish  swimming  trails,  a,  M 2092  (see  text-fig.  2b), 
strongly  asymmetrical  trail  exhibiting  sudden  change  of  direction;  in  the  lower  part  of  the  picture  there  is  a 
segment  of  another  strongly  asymmetrical  trail,  x0-8.  b,  M 2079,  two  trails  crossing  an  earlier  one;  note  the 
sudden  appearance  and  disappearance  of  the  right-hand  trail,  x 1. 
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text-fig.  4.  Undichna  radnicensis  ichnosp.  nov.  Fish  swimming  trails, 

M 2638.  Two  trails  of  opposite  orientation  crossing  an  earlier  one.  Both 
vertically  oriented  trails  possess  a well-expressed  groove  p (outside  the 
sinuous  marginal  grooves  Vs  and  Vd).  The  trail  on  the  right  is  transitional 
between  Type  A and  Type  B,  xO-7. 

swimming  speed,  there  were  usually  about  T6  wavelengths  down  the  length  of  a fish.  Another 
possibility  considered  was  whether  body  length  could  be  estimated  from  the  highly  asymmetrical 
traces  and  from  one  trace  showing  a sudden  change  in  swimming  direction  (M2092 ; text-figs.  2b,  3a). 
Here  the  approximate  distance  between  the  end  of  the  lower  lobe  of  the  caudal  fin  and  the  anal  fin 
could  be  usefully  measured  since,  despite  marked  differences  even  among  the  various  Carboniferous 
species,  this  distance  generally  correponds  to  between  one-quarter  and  one-fifth  of  total  body  length. 
To  determine  the  absolute  distance  between  simultaneous  traces  of  caudal  and  anal  fins,  the 
direction  of  movement  and  the  presumed  curvature  of  the  caudal  part  of  the  body  must  be  taken 
into  account.  Further  information  about  size  was  obtained  from  M2092  by  comparing  it  with  the 
path  of  the  head  and  tail  of  a living  rudd  turning  through  a right-angle  (as  illustrated  by  Gray  1968, 
p.  78,  fig.  4.9a).  From  the  above  considerations,  it  appears  that  the  total  body  length  of  the  trace 
makers  varied  between  5 and  12  cm.  These  morphological  data,  together  with  what  is  known  about 
actinopterygians  from  the  Upper  Carboniferous  of  Bohemia  (Zajic  and  Stamberg  1986),  indicate 
that  the  trace  makers  probably  belonged  to  the  order  Palaeonisciformes.  From  such  contending 
actinopterygian  genera  as  Pyritocephalus , Sceletophorus , and  Sphaerolepsis  (all  established  by 
Fritsch  1879-1901),  the  last  deserves  particular  consideration  due  to  its  morphology  and 
dimensions,  although  it  remains  unknown  before  the  Stephanian. 

Functional  interpretation.  The  marginal  Vs  and  Vd  grooves,  which  are  always  discernible,  were 
probably  made  by  the  ends  of  the  ventral  fins.  In  some  exceptional  cases  the  sediment  was  thrown 


630 


PALAEONTOLOGY,  VOLUME  32 


up  in  furrows  or  very  fine  grooves  that  point  obliquely  backwards  beyond  the  trace  (p)  and  which 
were  probably  made  by  slightly  spread  pectoral  fins  (Plate  73;  text-figs.  1,  4).  The  short,  laterally 
oriented  grooves  that  occasionally  appear  on  one  side  of  the  trace  (P)  are  also  considered  to  have 
been  made  by  a pectoral  fin.  The  single  groove  along  the  axis  of  the  trail  (At)  was  left  by  the  anal 
fin.  The  inner  groove  with  the  greatest  amplitude  (T)  was  undoubtedly  made  by  the  distal  end  of 
the  lower  lobe  of  the  caudal  fin. 

The  variety  of  traces  is  considerable  and  is  evidently  a function  of  the  trace  maker’s  proximity 
to  the  lake  bed,  its  rate  of  locomotion,  and  movement  of  the  fins,  etc.  In  some  particularly 
pronounced  traces,  distinguished  by  the  sediment  having  been  thrown  markedly  sideways,  the 
characteristic  undulating  character  of  the  trace  is  largely  obliterated. 

Determination  of  swimming  direction.  In  swimming  trails,  the  direction  of  movement  can,  in  most 
cases,  be  determined  unequivocally.  Where  traces  intersect,  as  the  sediment  was  churned  up,  earlier 
traces  were  lifted  and  ‘blended’  with  the  later  traces  (text-figs.  3b,  4).  A secondary  change  in  the 
course  of  the  older  trace,  or  the  direction  of  deflection  in  places  where  it  was  intersected  by  a later 
trace,  show  the  direction  of  the  animal’s  movement.  In  isolated  traces,  the  most  pronounced 
segments  of  the  Vs  and  Vd  grooves  diverge  slightly  obliquely  backwards,  beyond  the  sinusoidal  line 
reflecting  the  undulatory  body  movement.  In  some  cases,  these  grooves  are  accompanied  by  other, 
less  conspicuous  grooves.  Fine  feathery  grooves  may  also  accompany  the  trace  of  the  anal  fin  (At), 
if  its  distal  end  was  in  close  contact  with  the  substrate  (text-fig.  2a;  PI.  73,  fig.  2). 

Ethological  conclusions.  The  type  of  locomotion  of  the  trace-making  fish  was  similar  to  that  of  recent 
teleostomes,  in  which  ‘during  steady  fairly  fast  locomotion,  forward  progression  is  effected  entirely 
by  lateral  movement  of  the  body  and  caudal  fin’  (Bainbridge  1963,  p.  25).  The  amplitude  of  lateral 
movement  increased  in  a craniocaudal  direction. 

The  traces  are  often  strikingly  asymmetrical,  as  manifested  chiefly  in  a lateral  shift  of  the  groove 
made  by  the  caudal  fin  and  by  differences  in  the  course  of  the  marginal  grooves.  This  course  may 
have  been  due,  at  least  in  part,  to  asymmetrical  movements  of  the  caudal  fin,  i.e.  to  an  inequality 
in  the  rate  of  transverse  movement  of  the  end  of  the  caudal  fin  in  relation  to  the  axis  of  locomotion. 
This  type  of  asymmetrical  movement  is  common  among  recent  teleostomes  ‘and  appears  to  be 
normal  during  steady  swimming  and  perhaps  during  slowing.  Also,  more  gentle  turning  can  be 
effected,  however,  by  asymmetrical  tail  movement,  the  pectoral  fins  remaining  pressed  to  the  body’ 
(Bainbridge  1963,  pp.  35-36).  The  groove  made  by  the  anal  fin  can  also  follow  a course  that  diverges 
markedly  from  the  axis  of  the  trace  as  a whole.  The  general  character  of  the  traces  (e.g.  sudden 
changes  of  direction,  sedimentary  structures  formed  by  churning  movements  of  the  body,  the  lifting 
of  older  traces  intersected  by  later  traces,  etc.)  is  indicative  of  an  active  animal  with  a laterally  very 
flexible  body,  and  capable  of  sudden  changes  of  direction  and  speed. 

From  the  size  of  the  traces,  it  appears  that  the  early  growth  stages  of  the  fish  lived  some  distance 
above  the  lake  bed,  and  therefore  left  no  record  of  their  existence  in  the  sediment.  Except  at  such 
young  stages  of  development,  the  fish  may  well  have  eaten  the  amphibians  and  arthropods  whose 
traces  occur  in  association  with  their  own. 


EXPLANATION  OF  PLATE  73 

Figs.  1-3.  Undichna  radicensis  ichnosp.  nov.  Fish  swimming  trails.  1,  M 2097,  Type  B;  section  of  trail  with 
partial  exfoliation  of  clay  laminae;  oblique,  posteriorly  directed  grooves  (p)  predominate;  inside  the  trail, 
sinuous  groove  (T)  is  visible,  x0-7.  2,  M 2089,  holotype.  Type  A (see  text-fig.  2a);  almost  symmetrical, 
undulating  trail  demonstrating  variable  contact  of  fish  with  substrate,  variable  speed  of  trace  maker,  and 
flexibility  of  distal  end  of  anal  fin  (see  upper  third  of  picture),  x 0-7.  3,  M 2094;  part  of  strongly  asymmetrical 
trail,  with  short  isolated  grooves  (P)  almost  perpendicular  to  midline  of  trail,  x0-8. 


PLATE  73 


TUREK,  Undichna 
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text-fig.  5.  Simplified  drawings  of  amphibian  traces, 
with  an  explanation  of  terms  used  in  this  paper.  A, 
swimming  trail,  b,  swimming  trackway,  c,  walking 
traces.  Abbreviations:  a,  angle  between  segment  and 
midline  of  trace;  /?,  step  angle  (pace  angle);  ax,  axis  of 
trace;  Is,  length  of  stride;  md,  midline  of  trace;  mw, 
maximum  width  of  trace  (in  amplitude);  s,  well  ex- 
pressed segment  of  sinusoid;  wl,  wave  length;  ws, 
width  of  stride;  arrow  indicates  direction  of  move- 
ment of  trace  maker. 


AMPHIBIAN  TRACES 

Among  the  many  traces  of  tetrapods  described  from  the  Upper  Palaeozoic  of  Europe,  only  a small 
proportion  is  of  Late  Carboniferous  age.  Actualistic  studies,  like  those  of  Peabody  (1959)  and 
Fichter  (1982,  1983),  are  of  fundamental  significance  for  the  taxonomic  evaluation  of  tetrapod  trace 
fossils.  Most  palaeontologists,  however,  have  concentrated  their  attention  on  walking  tracks  and 
the  evaluation  of  footprints,  and  have  rarely  mentioned  swimming  trails  (e.g.  Schmitgen  1928;  Abel 
1935;  Muller  1955;  Hoeningen-Huene  1960;  Boy  and  Fichter  1982;  Haubold  1982;  Walter  1982). 
Some  of  these  finds  have  not  yet  been  assigned  with  certainty  to  any  particular  vertebrate  group. 
The  possibility  of  correlating  individual  ethological  types  is,  as  a rule,  very  limited.  It  is  this  aspect 
of  the  material  described  herein  which  is  especially  remarkable. 

Morphology  of  swimming  trails  and  trackways.  The  swimming  trail  is  a continuous  sinusoidal  trace 
bounded  on  both  sides  by  a marginal  groove  of  unequal  depth,  alternately  widening  and  duplicated 
at  regular  intervals.  The  traces  are  3-12  mm  wide.  Greatest  separation  of  the  marginal  grooves  is 
at  maximum  amplitude  (text-fig.  5). 

The  swimming  trackway  is  a discontinuous  trace  consisting  of  faintly  S-shaped,  twin  and 
reconverging  grooves  situated  alternately  on  either  side  of  the  axis  of  the  trace  and  forming  an  angle 
of  c.  I 5^15°  with  the  axis  denoting  the  direction  of  locomotion.  The  individual  S-shaped  elements 
are  8-20  mm  long  (text-figs.  6,  7). 

Both  types  of  trace  often  change  over  from  one  to  the  other  without  a break,  and  they  are  usually 
almost  straight.  As  a rule,  resting  traces  appear  after  20^0  cm.  Before  the  sinusoidal  trail  or 
trackway  reaches  a resting  trace,  it  widens  (or  even  disappears),  traces  of  limbs  (one  pair  or  two) 
appear,  and  the  space  between  the  marginal  grooves  is  usually  no  longer  differentiated.  In 
exceptional  cases  (text-fig.  6b),  a short,  curved,  rapidly  widening  and  fading  trace,  with  a distinct 
phase  shift  in  relation  to  the  marginal  grooves,  leads  from  the  axis  of  the  trace. 

Morphology  of  walking  traces  ( footprints ).  Footprints  occur  most  frequently  at  resting  places,  or 
they  mark  a brief  interval  of  locomotion  across  the  substrate;  they  are  usually  associated  with 
swimming  trails.  Footprints  of  individual  traces  may  show  considerable  morphological  variation, 
for  two  reasons.  First,  all  the  traces  were  made  under  water;  where  the  amphibian  trod,  it  sometimes 
slipped,  so  that  the  resulting  footprints  do  not  exactly  match  the  contours  of  the  manus  and  the  pes. 
Secondly,  as  a result  of  buoyancy,  the  feet  did  not  need  to  support  the  full  weight  of  the  amphibian; 
like  living  newts,  it  touched  the  bottom  only  with  the  tips  of  the  digits,  or  stood  on  only  one  or  two 
feet. 

For  the  ichnotaxonomic  classification  of  such  traces,  a trackway  of  footprints  (composed  of  at 
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text-fig.  6.  Lunichnium  gracile  ichnosp.  nov.  Amphibian  swimming  trails.  A,  M 2085,  holotype,  trail 
interrupted  by  resting  traces  with  impressions  of  forefeet,  x 0-8.  b,  M 2088,  short,  narrowly  sphenoidal  curved 
traces  with  a groove  along  the  axis  of  the  trail  made  by  the  tail,  x 0-7.  c,  M 2082,  trackway  crossing  continuous 

trail,  x08. 
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text-fig.  7.  Amphibian  traces,  a.  Gracilichnium  (?)  chlitpaci  ichnosp.  nov.  M 2091,  footprints  representing 
transition  between  walking  and  swimming,  x I.  b,  c,  Lunichnium  anceps  ichnosp.  nov.  b,  M 2086,  holotype, 
x0-8;  c,  M 2083,  xO-9;  swimming  trails  showing  changes  in  direction  with  impressions  of  feet. 
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text-fig.  8.  Lunichnium  gracile  ichnosp.  nov.  and 
Gracilichnium  (?)  chlupaci  ichnosp.  nov.  M 2080, 
schematic  drawing  of  PI.  74,  figs.  1 and  2,  with 
tentative  outline  of  the  trace  maker. 
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least  three  sequential  sets  of  impressions)  must  be  preserved  (Serjeant  1975).  The  only  specimen  here 
that  approaches  this  condition  is  M 2084  (PI.  75,  fig.  1),  except  that  it  is  an  intermediate  trace 
between  walking  and  swimming.  The  small  impressions  of  the  manus  and  the  pes  are  arranged  fairly 
regularly.  Along  one  side  of  the  trace  the  manus  and  the  pes  are  not  completely  aligned  and  their 
axes  are  distinctly  offset  relative  to  each  other.  The  manus  has  four  digits  and  of  the  five  digits  of 
the  pes,  only  four  are  discernible.  The  length  of  the  stride  of  the  hind  limbs  corresponds  to  double 
the  width  of  the  step,  which  has  an  angle  of  90°.  The  digits  are  very  thin  and  sharply-tipped,  and 
are  closer  together  on  the  fore  limb  than  on  the  hind  limb. 

Morphology  of  resting  traces.  These  are  generally  preserved  in  association  with  swimming  trails. 
Each  represents  a halt  made  by  the  animal  before  swimming  again.  Here  the  trace  maker  left  more 
or  less  distinct  impressions  of  its  limbs  (text-fig.  6a;  PI.  74,  figs.  3,  4),  or  else  its  whole  body  rested 
on  the  bed,  leaving  an  impression  of  its  ventral  surface  and  limbs  on  the  sediment  surface  (PI.  74, 
fig.  2). 
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The  trace  makers.  All  stages  of  amphibian  growth  are  represented  by  the  traces  studied,  except  the 
early  larval  stages.  My  reconstruction  of  the  trace  maker  is  based  primarily  on  a unique  resting  trace 
(PI.  74,  fig.  2;  text-fig.  8)  which  was  evidently  made  by  an  adult,  60-70  mm  long,  with  a wide, 
semicircular  skull  16-17  mm  long  and  23  mm  wide  at  the  caudal  end;  the  relatively  short  tail 
measured  about  25  mm.  Since  it  did  not,  as  a rule,  leave  any  trace,  it  can  also  be  assumed  that  the 
sexual  dimorphism  known  in  recent  urodeles,  which  is  manifested,  inter  alia , in  the  shape  and  size 
of  the  tail,  was  not  sufficiently  expressed.  The  fore  limb  had  four  digits  and  the  hind  limb  five;  the 
digits  were  very  thin  and  had  pointed  tips. 

From  these  morphological  characters  and  the  stratigraphic  age  of  the  finds,  it  is  considered  that 
the  maker  of  the  traces  is  a member  of  the  order  Temnospondyli,  family  Branchiosauridae  (e.g. 
Branchiosaurus)  or  Dissorophidae  ( Amphibamus ) (Boy  1972,  1978;  Milner  1974,  1982,  1986), 
which  are  represented  fairly  abundantly  in  the  Permo-Carboniferous  of  Bohemia. 

Functional  interpretation.  The  swimming  traces  show  the  undulations  of  the  animal’s  body  during 
this  type  of  locomotion.  The  amphibian  left  either  swimming  trails  or  trackways,  according  to  the 
closeness  of  its  contact  with  the  substrate.  The  traces  on  the  bottom  were  made  by  the  distal  ends 
of  the  longest  digits  (III  and  IV)  of  the  hind  limb,  which  (like  the  fore  limbs)  the  swimming  animal 
held  stretched  out  backwards.  A similar  swimming  technique  is  employed  by  living  newts.  The 
relatively  short  tail  was  not  in  contact  with  the  substrate  during  swimming,  and  thus  generally  left 
no  trace.  Before  reaching  the  resting  trace,  the  swimming  trace  widens  because  the  limbs  were  drawn 
away  from  the  body. 

Determination  of  the  direction  of  movement.  The  direction  of  locomotion  in  amphibian  swimming 
trackways  is  indicated  by  the  orientation  of  the  acute  angle  formed  between  the  isolated,  slightly 
S-shaped  furrows  and  the  midline  of  the  trace.  In  swimming  trails  it  is  indicated  by  the  acute  angle 
formed  between  the  accentuated  segments  of  the  sinusoidal  trace  and  the  midline.  The  direction  of 
locomotion  can  also  be  determined  from  isolated  S-shaped  elements,  whose  curvature  is  anteriorly 
greater,  and  the  end  of  the  trail  more  sharply  pointed,  than  at  the  posterior  end. 

Ethological  conclusions.  Along  the  course  of  the  traces  - even  the  narrowest  - places  where  the 
animal  rested  on  the  substrate  can  often  be  found,  leaving  distinct  impressions  of  fully  developed 
limbs.  All  the  traces  probably  therefore  belong  to  the  different  growth  stages  associated  with 
metamorphosis.  Finds  of  isolated  footprints  completely  unassociated  with  swimming  trails  show 
that  the  animal  was  not  confined  to  the  bottom.  The  orientation  of  the  digits  of  the  fore  and  hind 
limbs  in  the  resting  traces  is  very  varied,  but  the  digits  of  the  manus  usually  point  forwards  and 
obliquely  sideways,  while  the  hind  limb  digits  are  oriented  obliquely  backwards.  The  behaviour  of 
these  ancient  amphibians  does  not  seem  to  have  differed  significantly  from  the  behaviour  of  living 
newts,  of  which  the  male  and  female  sharp-ribbed  Salamander  (Pleurode/es  wait/)  were  observed  for 
comparison.  Judging  by  their  similarity  to  living  amphibians,  the  trace  makers  were  probably 
carnivorous  too,  living  chiefly  on  arthropods. 

SYSTEMATIC  PALAEONTOLOGY 

All  the  material  discussed  was  collected  from  the  Radnice  Member  of  the  Kladno  Formation  (Westphalian  C, 
Upper  Carboniferous)  in  the  open-cast  coal  mine  at  Pfivetice-Ovcin,  (Radnice  Basin,  western  Bohemia, 


EXPLANATION  OF  PLATE  74 

Figs.  1-4.  Lunichnium  gracile  ichnosp.  nov.  and  Gracilichnium  (?)  chlupaci  ichnosp.  nov.  Amphibian  swimming, 
walking,  and  resting  traces.  1,  2,  M 2080  (see  text-fig.  8),  two  parts  of  one  trace,  x 0-9.  3,  4,  M 2090,  two 
parts  of  one  trace;  swimming  trail  interspersed  with  resting  traces;  walking  trackway  appears  at  bottom  of 
fig.  4,  where  only  distal  ends  of  digits  were  in  contact  with  substrate,  x 1. 
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TUREK,  Lunichnium,  Gracilichnium  (?) 
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Czechoslovakia);  it  has  been  deposited  in  the  Palaeontology  Department  of  the  National  Museum,  Prague.  All 
photographs  in  this  paper  show  hyporelief;  the  explanations,  however,  relate  to  epirelief.  The  traces  are 
oriented  as  though  the  trace  maker  moved  across  the  page  from  bottom  to  top.  Photographs  were  produced 
by  K.  Drabek  and  V.  Turek. 


Genus  undichna  Anderson,  1976 

Type  species.  Undichna  simplicitas  Anderson,  1976,  from  the  Dwyka  Series  (Lower  Permian)  of  Swart 
Umfolozi,  South  Africa. 

Diagnosis.  See  emended  diagnosis  of  Higgs  (1988,  p.  257). 

Discussion.  Trace  fossils  assigned  to  Undichna  have  been  found  in  the  Great  Karroo  basin.  South 
Africa,  in  fresh  water  sediments  of  Late  Permian  age,  Queensland  (Warren  1972),  in  the 
Pennsylvanian  of  Indiana  (Archer  and  Maples  1984),  and  in  the  Upper  Carboniferous  of  south-west 
England  (Higgs  1988).  The  specimen  from  Zebrak-Na  Stylci,  Central  Bohemia,  figured  by  Walter 
(1982,  pi.  2,  fig.  4),  and  probably  also  his  pi.  2,  fig.  2,  can  be  reassigned  similarly.  Both  were 
interpreted  by  Walter  (with  some  doubt)  as  arthropod  swimming  trails.  Stratigraphically,  these 
trails  correlate  with  those  from  the  Radnice  Basin. 

Undichna  radnicensis  ichnosp.  nov. 

Plate  73;  text-figs.  2^t 

Holotype.  M 2089  (PI.  73,  fig.  2). 

Material.  More  than  forty  specimens,  some  of  them  with  several  trails,  all  registered  under  PM2  4/87. 
Derivation  of  name.  After  the  Radnice  Member. 

Description  (for  abbreviations  see  text-fig.  2).  Undulating  trail  bounded  by  two  marginal  subparallel  sinusoidal 
grooves  (Vs  and  Vd)  that  display  a regularly  alternating  pattern  in  their  degree  of  expression.  Trace  width 
ranges  from  12  to  30  mm.  The  posterior  portion  of  the  more  expressed  segments  is  sometimes  elongated 
backwards  (i.e.  outside  the  wave).  Down  the  axis  of  the  trail,  or  eccentrically,  there  is  another  continuous  or 
discontinuous  groove  (At),  out  of  phase  with  the  marginal  grooves.  Besides  this  groove,  inside  the  trail,  or  more 
frequently  near  one  side  of  the  trace,  there  is  a sinusoidal  groove  (T)  of  greater  amplitude  that  displays  a phase 
shift  compared  with  the  others.  Occasionally,  in  highly  asymmetrical  traces,  short  grooves  appear  outside  the 
trail  at  regular  intervals,  oriented  obliquely  (p)  to  perpendicular  (P)  to  the  course  of  the  trail. 

Discussion.  U.  radnicensis  ichnosp.  nov.  is  highly  variable  in  morphology.  It  can  resemble 
U.  britannica  Higgs,  1988,  when  certain  characteristic  features  are  lacking,  but  the  marginal  grooves 
in  the  British  species  are  discontinuous  and  rarely  visible.  If  only  two  sinusoidal  grooves  are  present, 
they  are  not  so  clear-cut,  equally  developed  at  a constant  distance  apart  as  in  U.  bina  Anderson, 
1976. 

Two  morphological  types  of  trail  (A  and  B)  can  be  distinguished  but,  since  transitions  between 
them  exist,  two  ichnospecies  have  not  been  established.  Both  types  of  trace  could  have  been 
produced  by  the  same  animal  moving  at  different  speeds  and  with  pectoral  fins  in  a different 
position. 

Type  A trails  (PI.  73,  figs  2,  3;  text-figs.  2a-c,  3.  4)  show  a clearly  expressed  undulating  course. 
Their  marginal  grooves  are  sinuous,  and  when  they  occur  in  connection  with  other  grooves  directed 
obliquely  backwards,  the  latter  are  short  and  poorly  developed. 


EXPLANATION  OF  PLATE  75 

Figs.  1, 2.  Lunichnium  gracile  ichnosp.  nov.  and  Gracilichnium  (?)  chlupaci  ichnosp.  nov.  Amphibian  swimming 
and  walking  traces.  I,  M 2084,  holotype  of  G.  (?)  chlupaci , x 0 9.  2,  M 2081,  showing  transition  between 
walking  and  swimming;  the  impressions  correspond  to  footprints  of  only  one  side  of  the  animal,  x 1. 
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Type  B trails  (PI.  73,  fig.  1)  follow  an  indistinct  undulating  course.  Their  predominant 
morphological  features  are  long  grooves  directed  obliquely  backwards  and  often  terminally 
branching.  These  grooves  are  often  accompanied  by  fine  furrows  showing  the  same  orientation. 
Type  B trails  have  a more  distinct  relief  than  Type  A trails.  Owing  to  the  partial  exfoliation  of 
claystone  laminae,  the  preservation  of  Type  B trails  is  not  very  good  and  other  morphological 
features  are  not  clearly  expressed;  none  shows  a medial  groove  left  by  the  anal  fin. 

Both  types  of  trail  are  interpreted  as  the  swimming  trails  of  fishes  of  the  subclass  Actinopterygii, 
order  Palaeonisciformes.  The  morphology  of  Sphaerolepis  Fritsch  seems  to  be  a good  match  for  the 
described  trails. 


Genus  lunichnium  Walter,  1983 

Type  species.  Lunichnium  rotterodium  Walter,  1983,  from  the  Rotteroder  Member  at  Rotterode,  Thuringia, 
German  Democratic  Republic. 

Diagnosis  (supplemented  herein).  Sinuous  trail  bounded  by  a pair  of  sinusoidal  grooves  with  a 
regularly  varying  separation;  the  greatest  separation  occurs  at  maximum  amplitude.  These  grooves 
are  widened  and  bifurcated  in  alternate  segments  of  the  sinusoid  (Type  A).  Frequently  only  the 
widened  and  more  expressed  parts  of  the  sinusoid  are  preserved,  and  the  trace  then  consists  of 
isolated  elements.  Paired  sets  of  slightly  to  moderately  S-shaped  elements  bifurcate  and  reconverge, 
forming  an  acute  angle  with  the  midline  of  the  trace  (Type  B).  Type  A may  pass  gradually  into 
Type  B,  even  in  the  same  trace. 

Discussion.  Lunichnium  was  established  on  a discontinuous  trackway  of  Type  B morphology,  as 
defined  here,  which  also  exhibits  some  irregularities  (Walter  1983,  pi.  8,  fig.  7;  pi.  9,  fig.  1).  Thus, 
short  paired  furrows  appear  on  the  right-hand  side  of  the  trackway  in  the  lower  and  upper  parts 
of  Walter’s  illustrations.  These  impressions  may  be  interpreted  as  traces  left  by  the  forefeet  which 
were  held  at  a greater  distance  from  the  body  during  less  continuous  movement.  An  unnamed  trail 
from  the  Oberhofer  Member  at  Neues  Haus,  figured  by  Walter  (1983,  fig.  4 6;  pi.  10,  fig.  4),  may 
be  identified  with  the  trails  assigned  to  Lunichnium  Type  A. 

Single-row  traces  of  Servichnus  (Flolub  and  Kozur  1981,  pi.  14,  figs.  1,  2)  may  be  compared  with 
Lunichnium  Type  B but,  apart  from  having  only  one  row  of  elongated,  bifurcated,  and  reconvergent 
grooves,  the  traces  included  within  Servichnus  differ  in  having  additional  minute,  shortly  elongated 
impressions.  In  addition,  the  grooves  do  not  show  the  typical  S-shape  (both  ends  deflected  to  the 
same  side)  (cf.  Holub  and  Kozur  1981,  fig.  2b). 

Lunichnium  Type  A resembles  the  invertebrate  trail  Cochlichnus  Hitchcock,  1858,  which  has  been 
interpreted  as  the  crawling  traces  and  probable  feeding  structures  of  a small  worm  or  worm-like 
animal  (Eagar  et  al.  1985).  The  width  of  a Cochlichnus  trail  is  less  than  5 mm.  It  may  be  preserved 
as  a winding  to  sinuous  convex  or  concave  epirelief,  and  lacks  the  conspicuous  widening  in 
amplitude  and  the  bifurcating  alternating  elements,  on  both  sides  of  the  trail,  that  characterize 
Lunichnium  Type  A. 


Lunichnium  gracile  ichnosp.  nov. 

Plates  74  and  75;  text-figs.  6 and  8 

Holotype.  M 2085  (text-fig.  6a). 

Material.  Thirteen  specimens,  some  with  several  traces,  all  registered  as  PM2  4/87. 

Diagnosis.  Lunichnium  characterized  by  a narrow  trace  (4-5  mm).  Wave  length  ranges  from  10  to 
35  mm. 

Discussion.  The  unnamed  trail  figured  by  Walter  (1983,  fig.  46;  pi.  10,  fig.  4)  can  be  assigned  to  this 
ichnospecies. 
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Lunichnium  anceps  ichnosp.  nov. 

Text-fig.  7b, c 

Holotype.  M 2086  (text-fig.  7b). 

Material.  Five  trails  and  trackways,  all  registered  as  PM2  4/87. 

Diagnosis.  Lunichnium  characterized  by  a wide  trace  (10-14  mm).  Wave  length  ranges  from  12  to 
16  mm. 

Genus  gracilichnium  Haubold,  1970 

Type  species.  Gracilichnium  jacobii  Haubold,  1970,  from  the  Goldlauterer  Member  (Lower  Permian)  at 
Friedrichroda,  Thuringia,  German  Democratic  Republic. 

Diagnosis.  See  Haubold  (1970). 

Gracilichnium  (?)  chlupaci  ichnosp.  nov. 

Plates  74  and  75;  text-figs.  7a  and  8 

Holotype.  M 2084  (PI.  75,  fig.  1). 

Material.  Four  trackways  and  several  other  specimens  showing  footprints,  all  registered  as  PM2  4/87. 
Derivation  of  name.  In  honour  of  Dr  I.  Chlupac,  an  outstanding  Czech  geologist  and  palaeontologist. 

Diagnosis.  A small  amphibian  trackway  with  rather  regularly  arranged  impressions  of  four-toed 
forefoot  (manus)  and  five-toed  hindfoot  (pes).  The  footprints  of  manus  and  pes  on  the  same  side 
are  not  in  line,  their  axis  being  slightly  off-set.  The  length  of  stride  determined  from  the  impressions 
of  the  hindfeet  corresponds  to  twice  the  width  of  the  stride.  The  pace  angle  is  90°.  The  digits  are 
very  thin  and  pointed,  slightly  curved,  and  less  divergent  in  the  manus  than  in  the  pes. 

Discussion.  This  taxon  is  based  mainly  on  the  holotype.  Additional  specimens  of  footprints  from  the 
Pnvetice-Ovcin  locality  are  thought  to  belong  to  the  same  ichnospecies,  although  direct  evidence  for 
conspecificity  is  lacking.  These  footprints  are  preserved  on  resting  places  or  in  trackways,  where 
only  the  distal  ends  of  digits  were  in  contact  with  the  substrate.  The  holotype  is  itself  a trackway 
representing  a transition  between  walking  and  swimming.  For  this  reason,  the  traces  described  in 
this  paper  are  hardly  comparable  with  typical  walking  traces.  The  impression  of  the  sole  is  usually 
missing,  or  is  only  slightly  expressed.  In  addition,  the  true  length  of  the  digits  is  often  indeterminable 
because  of  the  sliding  gait. 

Lunichnium  and  Gracilichnium  (?)  from  the  Radnice  basin  are  interpreted  as  the  swimming  and 
walking  traces  of  labyrinthodont  amphibians,  of  the  order  Temnospondyli  (probably  branchio- 
saurids  or  dissorophids,  like  Branchiosaurus  or  Amphihamus). 
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GROWTH  AND  FUNCTION  OF  SPINES  IN  THE 
JURASSIC  AMMONITE  ASPIDOCERAS 

by  a.  checa  and  d.  martin-ramos 


Abstract.  The  structure,  mode  of  growth,  and  possible  function  of  the  spiniform  tubercles  of  the  Upper 
Jurassic  ammonite  Aspidoceras  are  described  and  analysed.  Their  complex  growth  pattern  is  particularly 
suitable  for  the  construction  of  long,  delicate,  hollow  spines.  These  spines  probably  contained  extensions  of  the 
mantle,  which  were  in  contact  with  the  environment  through  openings  at  their  lips.  Their  function  is  thus 
inferred  to  have  been  primarily  sensory. 

The  wide  diversity  in  ornamentation  to  be  found  in  ammonites  implies  that  the  adaptive  strategies, 
although  recurrent,  were  very  varied.  Among  the  many  hypotheses  put  forward,  even  the  most 
consistent  are  but  general  models  which,  when  applied  to  specific  cases,  have  to  be  modified. 

Ammonites  have  three  basic  forms  of  macro-ornamentation : ribs,  tubercles  and  keels.  The 
tubercles  vary  greatly  both  in  shape  and  size  throughout  the  Mesozoic,  from  short,  bulky, 
extraordinarily  reinforced  ones  to  hair-like  spines,  and  it  is  to  be  presumed  that  this  wide 
morphological  and  structural  range  reflects  different  functions. 

In  this  work  we  study  the  structure  and  mode  of  growth  of  the  spiniform  tubercles  of  the  Upper 
Jurassic  ammonite  genus  Aspidoceras  and  offer  some  suggestions  as  to  what  their  function  may  have 
been. 


INTRODUCTORY  REMARKS 
A brief  description  of  the  genus  Aspidoceras. 

The  genus  Aspidoceras  (Zittel),  belonging  to  the  superfamily  Perisphinctaceae  (Steinmann),  includes 
both  evolute  and  semi-involute  forms,  ranging  from  the  minute  to  the  gigantic  in  size.  The  whorl 
cross-section  may  be  either  equidimensional  or  depressed  and  varies  in  shape  from  subquadrate  to 
oval  or  reniform.  The  body-chamber  usually  occupies  half  a whorl  or  a little  more. 

The  ornamentation  of  this  genus  consists  of  two  rows  of  spines,  one  periumbilical  and  the  other 
mid-flank  or  lateroventral  (text-fig.  1a).  Within  the  genus  there  are  two  clearly  distinguishable 
morphotypes:  one  with  two  rows  of  spines  throughout  ontogeny  and  another  with  lateral 
ornamentation  that  disappears  in  the  outer  whorls. 

This  study  involves  the  more  frequent  species  of  the  genus,  all  of  them  belonging  to  the 
morphotype  that  maintains  two  rows  of  tubercles  throughout  the  entire  ontogeny. 

Aspidoceras  extends  from  the  Bimammatum  Zone  of  the  Upper  Oxfordian  to  the  Jacobi  Zone  of 
the  Lower  Berriasian,  and  in  some  levels  of  the  Lower  to  Middle  Kimmeridgian  its  geographical 
dispersion  is  worldwide. 


MATERIAL  AND  TECHNIQUES 

The  material  studied  was  taken  from  five  Kimmeridgian  outcrops  of  condensed  biomicrites  in  the 
Subbetic  Zone  (Betic  Cordillera,  SE  Spain)  which  have  been  assigned  the  following  labels:  AC21 
(Alta  Coloma,  province  of  Granada),  UB,  (Ubrique,  province  of  Cadiz),  AM,,  AM2  (La  Almola, 
province  of  Malaga)  and  CS,  (Castillones,  province  of  Malaga).  Their  precise  location  is  given  in 
Checa  (1985,  p.  29). 

The  specimens  are  very  well  preserved  and  the  calcite  shells  retain  vestiges  of  quite  delicate 
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text-fig.  1.  a,  Aspidoceras  longispinum  (Sowerby),  U.AM^R.23,  lateral  view.  La  Almola  (province  of 
Malaga),  Middle-Upper  Kimmeridgian,  x 1.  b,  Aspidoceras  hystricosum  (Quenstedt),  U.UBj.2.46,  isolated 
external  tubercle  showing  distal  aperture  (umbilical  view),  Ubrique  (province  of  Cadiz),  Upper 
Kimmeridgian,  x 7-5.  Specimens  coated  with  ammonium  chloride. 

structures,  although,  because  of  the  compactness  of  the  biomicrite,  the  spines  are  not  often  easy  to 
extricate  and  thus  many  of  the  samples  have  had  to  be  studied  in  sections. 

In  all,  84  specimens  of  Aspidoceras  have  been  studied,  together  with  14  individuals  of  the  genus 
Orthaspidoceras  (cf.  Checa’s  systematic  revision,  1985),  which  came  from  the  same  outcrops  and 
levels,  for  comparative  purposes.  All  of  them  are  deposited  at  the  Department  of  Stratigraphy  and 
Palaeontology  of  the  University  of  Granada. 

High-resolution  techniques  have  been  used  for  this  study.  The  mineral  composition  of  the  shell 
was  determined  by  X-ray  diffraction,  using  a Philips  PW  1710  automatic  powder  diffractometer. 
The  {1 1 0 1 pole  figure  of  the  calcite  was  obtained  by  means  of  an  automatic  texture  attachment 
(Philips  PW  1078/24).  Intensity  corrections  for  X-ray  pole  figures  have  been  made.  The 
mineralogical  analysis  also  involved  observation  by  transmission  electron  microscopy  (TEM),  using 
a Zeiss  EM  10C.  Lastly,  the  distribution  of  the  growth  lines  and  the  external  morphology  of  the 
isolated  tubercles  were  examined  by  scanning  electron  microscopy  (SEM,  Zeiss  DSM  950). 

DESCRIPTION  AND  GROWTH  PATTERN  OF  THE  TUBERCLES 


Description 

The  spiniform  tubercles  of  Aspidoceras  are  slightly  conical  in  shape  and  project  either 
perpendicularly  or  rursiradially  from  the  whorl.  Sometimes  they  start  off  at  an  angle  and  bend 
outwards  until  they  end  up  growing  perpendicularly  to  the  equatorial  plane  of  the  spiral  (text-figs. 
1a  and  2b,  d).  They  vary  in  length  as  the  shell  grows,  being  comparatively  longer  and  thinner  in  the 
more  juvenile  stages  than  in  the  mature  ones. 

The  spines  are  arranged  in  two  separate  rows,  one  of  them  umbilical  and  the  other  either 
mediolateral  or  ventrolateral,  and  normally  there  are  more  spines  in  the  outer  row  than  the  inner 
one.  Thus  the  longitudinal  distance  between  each  of  the  tubercles  in  the  umbilical  row  is  the  same 
as  that  between  those  of  the  ventrolateral  one.  Wherever  the  spines  in  either  row  are  synchronous 
they  are  usually  joined  by  a weak  rib.  The  number  of  tubercles  per  whorl  is  a very  variable 
intraspecific  parameter. 
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text-fig.  2.  a,  b,  Aspidoceras  sesquinodosum  Fontannes,  U.AMr  I .4,  La  Almola  (province  of  Malaga).  Lower 
Kimmeridgian ; longitudinal  sections  of  a lateral  (a,  x 3-2)  and  an  umbilical  tubercle  (b,  x 3-5).  c,  Aspidoceras 
hystricosum  (Quenstedt),  U.AC21.51 .77,  longitudinal  section  of  a lateral  tubercle,  Alta  Coloma  (province  of 
Granada),  Middle-Upper  Kimmeridgian,  x 3 6.  d,  Aspidoceras  binodum  (Oppel),  U.AMj.B.23,  section 
showing  two  umbilical  tubercles  with  distal  aperture  (arrows).  La  Almola  (province  of  Malaga),  Lower 

Kimmeridgian,  x41. 
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The  wall  of  the  tubercle  itself  is  composed  of  the  outer  prismatic  and  the  nacreous  layers  of  the 
shell.  The  inner  prismatic  layer  forms  the  basal  septum,  or  floor,  which  closes  the  bottom  of  all  the 
tubercles  up  to  about  half  the  length  of  the  body-chamber  from  the  aperture  (text-fig.  5),  as  has  been 
described  in  several  tuberculate  ammonites  (e.g.  Kennedy  and  Cobban  1976,  p.  28;  Birkelund  1981, 
p.  194).  The  latter  author  stated  (1981,  p.  190)  that  the  closure  of  the  tubercles  of  immature 
specimens  does  not  go  as  far  along  the  body-chamber,  but  our  evidence  is  inconclusive  on  this  point. 
The  basal  septum  gives  the  tubercles  their  characteristic  mammiform  appearance  when  only  the 
internal  mould  survives. 

The  most  striking  feature  of  the  spines  is  that  not  only  are  they  hollow  but  they  are  also  open  at 
their  distal  tips.  This  is  clearly  evident  from  a study  of  more  than  twenty  sections  made  along  the  axes 
of  spines  still  encased  in  the  rock  (text-fig.  2)  and  can  in  no  way  be  attributed  to  the  rough  handling 
of  the  samples  or  to  careless  dissection  from  the  matrix.  Some  larger  spines,  which  it  has  been 
possible  to  free  undamaged  from  the  matrix,  have  circular  or  slightly  elliptical  openings  at  their 
points  (text-fig.  1b;  PI.  76,  figs.  3 and  4).  These  holes  may  of  course  be  due  to  taphonomic  or  diagenetic 
processes  resulting  in  the  loss  of  shell-covering  at  the  point  of  the  spines,  and  indeed  a minute 
examination  of  some  specimens  does  reveal  that  the  borders  are  sharp  and  irregular,  indicating 
breaking  or  diagenetic  dissolution  (occasionally  they  are  found  associated  with  stylolitic  surfaces). 
Nevertheless,  in  many  other  cases  the  edges  are  smooth  and  rounded  and  sometimes  converge 
gradually  towards  the  axis  of  the  spine,  indicating  that  no  later  external  process  has  altered  their 
original  morphology.  Added  to  this,  we  have  never  come  across  a single  clearly  closed  specimen  in 
all  our  material.  Thus  we  believe  it  reasonable  to  conclude  that  the  spiny  tubercles  of  Aspidoceras 
had  an  opening  at  their  tips  in  life. 

Mineralogical  composition  and  texture 

The  mineralogical  composition  has  been  determined  by  X-ray  analysis  of  a tubercle  removed  from 
the  shell  and  also  a fragment  of  shell  wall  of  a specimen  of  A.  longispinum  (Sowerby) 
(U . AC21 . 5b . 37).  Care  was  taken  not  to  include  any  of  the  matrix  and  the  sample  was  ground  only 
lightly  so  as  to  avoid  making  any  polymorphic  transformations.  The  diflfractograms  show  that  in 
both  samples  all  the  original  carbonate  has  been  completely  transformed  into  calcite. 

An  X-ray  diffraction  textural  analysis  performed  on  an  umbilical  spine  of  A.  sesquinodosum 
Fontannes  (U  . AM,  .1.4)  revealed  the  preferential  orientation  of  the  existing  calcite  crystals,  which 
indubitably  reflects  the  orientation  of  the  original  carbonate  crystals  (text-fig.  3).  This  remnant 
orientation  has  also  been  confirmed  by  the  constancy  in  the  orientation  of  the  reciprocal  lattice  as 
observed  directly  by  TEM  at  various  points  within  the  outermost  material  (possibly  the  outer 
prismatic  layer)  of  a spine  of  A.  longispinum  (Sowerby)  (U . AM,.  5 . 40).  The  crystallographic  c axis 
is  always  parallel  to  the  generatrix  of  the  spine. 

If  we  assume  that  the  orientation  of  the  c axis,  perpendicular  to  the  (C03)-2,  has  remained  stable 
throughout  the  transformation  of  the  aragonite  or  vaterite  into  calcite,  which  is  almost  certainly  the 
case,  the  original  crystals  were  aligned  parallel  to  the  wall  of  the  tubercle.  This  orientation  is  clearly 


EXPLANATION  OF  PLATE  76 

Figs.  I,  2.  Aspidoceras  longispinum  (Sowerby).  U.  AC21 . 5a. 44,  isolated  lateral  tubercle  showing  growth  lines 
and  longitudinal  seam  (adoral-umbilical  view).  Middle-Upper  Knnmeridgian,  l.x  14,  2,  x 26. 

Figs.  3,  4.  Aspidoceras  hystricosum  (Quenstedt).  U.AC21.5a.  126,  isolated  lateral  tubercle  showing  subcircular 
distal  aperture  (umbilical  oblique  view),  Middle-Upper  Kimmeridgian,  3,  x 15,  4,  x 32. 

Figs.  5,  6.  Orthaspidoceras  ziegleri  Checa.  5,  U . AC21 . 5a . 36,  isolated  umbilical  tubercle  showing  growth  lines 
(umbilical  view),  Lower-Middle  Kimmeridgian,  x 13.  6,  U . AC21 . 5b . 26,  isolated  umbilical  tubercle 
showing  growth  lines  (apical-ventral  view),  Lower-Middle  Kimmeridgian,  x 16. 

SEM  photographs.  All  specimens  from  Alta  Coloma  (province  of  Granada). 
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text-fig.  3.  Stereographic  projection  between  0°  and 
70°  in  the  upper  hemisphere  of  incomplete  reflection 
11101  pole  figures  of  the  calcite  of  an  umbilical 
tubercle  of  Aspidoceras  sesquinodosum  Fontannes 
(U.AMj.  1 .4).  Note  that  the  {1 10}  poles  are  perpen- 
dicular to  the  c axis.  The  axis  of  the  spine  is  marked 
by  the  arrow.  Only  the  70%,  80%  and  90%  equilevel 
lines  are  shown. 


different  from  that  described  for  the  shell-wall  of  ammonites  (see  e.g.  Kulicki  1979;  Birkelund  1981), 
where  the  c axes  of  the  aragonite  or  vaterite  crystals  are  perpendicular  to  the  wall.  This  idiosyncratic 
alignment  of  the  crystals  is  most  probably  the  result  of  the  mode  of  growth  of  the  tubercles  of 
Aspidoceras  (see  below). 

Growth  pattern 

We  have  reconstructed  the  way  the  spines  grew  by  SEM  observation  of  the  growth  lines  of  some 
of  the  best-preserved  specimens  (PI.  76,  figs.  1 and  2).  On  the  adoral  side  the  lines  initially  rise  very 
close  together  and  more  or  less  perpendicularly  to  the  spiral  before  spreading  out  and  arching 
progressively  backwards  until  they  circumscribe  apically  the  entire  tubercle.  This  distribution 
suggests  that  the  tubercle  started  life  as  an  incomplete  circle  or  horseshoe  at  the  edge  of  the  aperture 
(text-fig.  4a)  and  that  the  subsequent  addition  of  incomplete,  distorted  rings  of  shell  (text-fig.  4b) 
gradually  formed  a hollow,  slightly  conical  spine  (text  fig.  4c).  A characteristic  feature  of  the 
tubercle  is  the  seam  running  up  the  entire  adoral  side  where  the  returning  growth  lines  fuse  with  the 
outgoing  ones  (PI.  76,  figs.  1 and  2),  indicating  that  the  tubercle  would  have  been  all  but  fully  grown 
by  the  time  the  mantle  continued  onward  in  its  development.  This  growth  pattern  is  similar  to  that 
reported  for  the  spines  in  the  bivalves  Crassostrea  (Rudwick  1965),  Etheria  (Carter  1968)  and  the 
gastropod  Mure. x (Paul  1981). 

As  a comparison  we  have  also  examined  the  tubercular  growth  of  another  aspidoceratid, 
Orthaspidoceras.  This  genus  has  only  one,  periumbilical  row  of  short,  massive,  mammiform 
tubercles,  which  were  without  a shadow  of  a doubt  closed  at  the  end.  Furthermore,  the  growth  lines 
of  these  tubercles  indicate  a completely  different  pattern  of  development,  rising  from  the  mantle 
parallel  to  each  other  and  to  the  aperture  (PI.  76,  figs.  5 and  6).  This  implies  a fairly  simple  growth 
sequence  in  which  the  tubercle  was  formed  at  the  same  time  as  the  mantle  moved  forward  by  the 
consecutive  addition  of  protuberant  waves  of  shell  at  its  aperture  (text-fig.  4d-f). 

This  would  appear  to  mean  that  there  was  no  single  mode  by  which  ammonite  tubercles  were 
formed,  rather  that  it  depended  on  their  final  morphology,  which  in  turn  was  related,  at  least  partly, 
to  their  function.  The  growth  pattern  seen  in  Aspidoceras  would  have  been  an  unnecessarily  complex 
way  of  producing  short,  mammiform  tubercles,  while  on  the  other  hand  the  orthaspidoceratoid 
pattern  would  have  been  entirely  unsuitable  for  the  growth  of  long,  open-ended  spines,  which,  if 
only  half-formed  along  their  entire  longitudinal  axis,  would  have  become  impossibly  fragile  during 
their  development. 

Some  phylogenetic  observations  may  also  be  made  with  regard  to  these  two  different  modes  of 
tubercle  construction.  Aspidoceras  probably  has  its  origin  in  the  Oxfordian  genus  Euaspidoceras , 
which  also  has  a seam  along  its  tubercles  (see  Arkell  1940,  pi.  41,  fig.  4c),  and  which  in  turn  is 
probably  a descendant  of  Mirosphinctes  gr.  minis  in  the  lower  Oxfordian.  This  latter  genus  is 
notable  for  its  well-developed,  parabolic,  lateroventral  nodes;  in  fact  the  tubercles  of  Aspidoceras  in 
their  initial  growth  stages  bear  a resemblance  to  parabolic  nodes  (text-fig.  4a).  The  forebears  of 
Orthaspidoceras  are  not  immediately  obvious  but  it  probably  originated,  by  way  of  Physodoceras , 
from  the  Upper  Oxfordian  genus  Clambites , which  was  partly  descended  from  the  Lower  Oxfordian 
Peltoceratoides , whose  tubercles  were  merely  lumps  on  the  lateroventral  side  of  the  ribs.  That  is  to 
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text-fig.  4.  Successive  stages  in  the  formation  of  tubercles  in  Aspidoceras  (a-c)  and  Orthaspidoceras  (d— F ).  See 

text  for  further  explanation. 


say  that  parabolic  nodes  appear  nowhere  in  the  phylogenetic  succession  stretching  from 
Peltoceratoides  to  Orthaspidoceras.  The  above  phylogenetic  conclusions  derive  from  research 
currently  being  carried  out  by  A.  Checa. 

All  this  suggests  that  there  is  a clear  phylogenetic  component  involved  in  the  construction  process 
of  the  tubercles.  This  partly  inherited  faculty  would  constitute  a historical-phylogenetic  factor 
according  to  Seilacher’s  (1970)  use  of  the  term. 


FUNCTIONAL  INTERPRETATION 

Functional  possibilities 

Among  the  many  hypotheses  commonly  put  forward  to  explain  the  purpose  of  ammonite  tubercles, 
perhaps  the  most  widespread  is  that  of  defence  against  predators  (see  Westermann  1971,  Kennedy 
and  Cobban  1976).  As  far  as  Aspidoceras  is  concerned,  the  idea  that  its  tubercles  might  have 
presented  an  active  deterrent  against  a predator  breaking  the  shell  seems  hardly  likely  (despite  their 
sharp,  pointed  tips)  as  the  wall  of  the  immature  spines,  at  least,  is  too  fragile  to  have  played  such 
a defensive  role.  Furthermore,  they  curve  forward  slightly,  to  the  extent  that  loads  exerted  at  the 
tip  would  develop  hinge  points  somewhere  along  the  length  of  the  spine,  which  would  then  easily 
give  way  and  break  (text-fig.  2b,  d).  This  does  not  of  course  rule  out  the  possibility  that  they  may 
have  provided  some  degree  of  dissuasory  defence,  giving  the  shell  a somewhat  alarming  aspect. 
Anyway,  it  seems  undeniable  that  the  surface  enveloping  both  rows  of  spines  would  have  increased 
the  ammonite’s  total  volume,  making  it  more  difficult  for  large  predators  to  catch  and  swallow  it 
whole,  as  suggested  by  Paul  (1981,  p.  290)  for  Murex. 

According  to  Kennedy  and  Cobban  (1976,  p.  30),  the  blocked-off  tubercles  may  have  been  full 
of  water  and  acted  as  horizontal  stabilizers  to  prevent  yawing  when  swimming  and  diving.  In  the 
case  of  Aspidoceras  the  floored  tubercles  could  well  have  admitted  sea  water  but  their  contribution 
to  the  shell’s  stability  is  not  immediately  apparent.  Westermann  (1971,  p.  7)  made  an  interesting 
comment  with  regard  to  this  last  point  when  he  wrote  that  the  basal  septum  would  have  protected 
the  phragmocone  against  inflow  of  water  in  case  of  tubercle  breakage.  This  protective  role  of  the 
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basal  septum  in  Aspidoceras  is  undeniable  as  it  forms  the  only  barrier  between  the  interior  of  the 
phragmocone  and  the  sea  water. 

It  is  worth  mentioning  that  hollow  spines  could  have  gathered  water,  from  which  food  would 
have  been  filtered  afterwards,  as  in  the  bivalve  Crassostrea  echinata  (Paul  1975,  p.  20).  This  would 
lead  us  to  attribute  to  Aspidoceras  a marked  microphagy.  Although  such  an  alimentary 
specialization  cannot  be  excluded  (Lehmann  1988),  it  would  be  unique  among  ammonites  (and 
recent  cephalopods,  according  to  Nixon  1988),  as  their  parrot-beak-shaped  jaws  ( Rhyncholites ) and 
radulae,  which  seem  to  be  general  in  Jurassic  ammonites  (Lehmann  1981),  could  not  have  fulfilled 
that  function. 

Sensory  function 

Without  doubt  the  most  important  feature  of  the  tubercles  of  Aspidoceras  is  that  they  were  hollow 
and  that  their  distal  points  were  open.  As  has  been  mentioned  before,  at  the  foremost  part  of  the 
body-chamber  these  spines  were  not  sealed  off  at  the  base  and  the  mantle-tissue  must  have  been  in 
contact  with  the  environment  (text-fig.  5).  This  must  have  been  the  case  for  the  last-formed  spines 
throughout  the  entire  ontogeny. 

The  most  probable  role  of  these  extensions  of  the  mantle  would  have  been  to  enhance  the  animal’s 
sensory  contact  with  its  immediate  environment,  much  in  the  same  way  as  that  described  by 
Rudwick  (1965)  for  the  tubular  spines  of  the  brachiopods  Acanthothiris , Acanthorhynchia  and  the 
bivalve  Crassostrea , where,  based  on  observations  of  the  mantle  properties  of  living  brachiopods, 
he  suggested  that  their  function  would  have  been  essentially  tactile  and/or  photo-chemo-sensitive. 

The  tubercles  of  Aspidoceras  may,  on  the  other  hand,  have  had  a somewhat  different  function. 
Brownell  and  Farley  (1979)  have  reported  the  interesting  manner  in  which  the  desert  scorpion 
Paruroctonus  mesaensis  detects  its  prey  by  integrating  the  responses  received  from  several  mechano- 
sensory  organs.  This  scorpion  has  mechano-receptors  in  the  tarsal  segments  of  its  eight  legs,  which 
are  capable  of  detecting  the  vibrations  of  its  prospective  prey  moving  across  the  sand.  One  of 
Brownell  and  Farley’s  most  significant  conclusions  is  that  P.  mesaensis  can  apparently  perceive, 
within  a certain  radius,  both  the  direction  and  distance  of  its  prey,  and  that  it  achieves  this  by 
differentiating  between  the  times  of  arrival  of  the  stimulus  at  its  various  sensory  organs.  The  eight 
legs  of  the  scorpion  when  extended  form  an  approximately  circular  sensory  field  of  4 to  6 cm  in 
diameter  in  which  the  sensory  receptors  are  regularly  spaced  on  the  ground  plane.  This  disposition 
allows  it  to  discern  differences  in  arrival  times  of  as  little  as  02  milliseconds. 

In  like  manner  the  two  rows  of  floorless  spines  on  either  side  of  the  forward  part  of  the  body 
chamber  of  Aspidoceras  may  well  have  formed  two  symmetrical  sensory  fields.  The  spines  of  each 
field  would  have  been  disposed  along  a more  or  less  trapezoidal  sector  of  the  ammonite  spiral  (text- 
figs.  1a  and  5).  There  are  usually  between  three  and  six  external  floorless  spines  and  between  two  and 
four  internal  ones.  The  number  of  tubercles  in  the  lateral  row  is  slightly  more  than  that  in  the 
periumbilical  one.  This  can  be  satisfactorily  explained  if  it  is  borne  in  mind  that  the  length  of  the 
spiral  along  the  outer  flank  is  greater  than  along  the  inner  one  and  that  the  extra  number  of  spines 
would  offset  this  discrepancy,  maintaining  a regular  distance  between  the  tubercles  of  each  row. 
This  regularity  in  sensory  receptors  in  Aspidoceras  suggests  some  similarity  in  distribution  to  those 
of  Paruroctonus. 

Nevertheless,  there  are  differences  worth  commenting  on  between  the  distribution  of  spines  in 
Aspidoceras  and  the  ideal  distribution  in  a sensory  system.  Sensor  distribution  in  Paruroctonus , 
regularly  spaced  on  the  ground  plane,  seems  to  be  close  to  the  paradigm  for  a predator  hunting  on 
a substrate.  Given  that  Aspidoceras  could  have  detected  stimuli  coming  from  any  direction  in  an 
aqueous  (three-dimensional)  environment,  the  ideal  distribution  would  have  meant  a uniform 
spacing  between  the  sensors  along  the  whorl  cross-section,  with  the  spines  perpendicular  to  the  shell 
(text-fig.  6a).  However,  in  Aspidoceras  sensors  must  have  been  disposed  on  two  planes  more  or  less 
parallel  to  the  equatorial  one  on  both  sides  of  the  organism  (text-fig.  5);  as  a result,  the  spines  are 
closer  together  on  the  flanks  than  on  the  venter  (text-fig.  6b,  c).  Perhaps  there  could  have  been  some 
fabricational  noise  involved  in  the  distribution  of  the  spines  in  Aspidoceras , as  the  outer  row  sets 


CHECA  AND  MARTIN-RAMOS:  SPINES  OF  ASPIDOCERAS 


653 


text-fig.  5.  Reconstruction  of  the  living-chamber  of  Aspidoceras  (in  approximate  life  position)  with  a sector 
of  the  flank  removed  to  show  internal  features.  1PL,  inner  prismatic  layer;  TF,  tubercle  floor;  TDA,  distal 

aperture  of  the  tubercle. 


the  limit  of  maximal  overlapping  between  consecutive  spirals  and  the  ideal  distribution  would  have 
required  outer  tubercles  which  were  more  external  and,  hence,  a less  overlapping  (more  evolute) 
spiral  than  is  usually  found  in  Aspidoceras.  In  fact,  the  evolution  of  Aspidoceras  is  marked  by  a 
progressive  uncoiling  and  the  subsequent  separation  of  the  two  rows  of  tubercles  (Checa  1985,  p. 
297),  with  a tendency  throughout  the  phylogeny  for  the  external  row  of  tubercles  to  move  towards 
the  outermost  part  of  the  shell’s  flank.  If  it  were  true  that  the  tubercles  did  in  fact  play  a mechano- 
sensory  role,  then  this  displacement  would  have  resulted  in  a keener  sensory  threshold  and  thus  it 
may  be  concluded  that  the  genus  Aspidoceras  evolved  in  the  direction  of  greater  mechano-sensory 
specialization.  In  this  sense  it  is  worth  mentioning  that  the  most  evolute  species  of  Aspidoceras  (the 
Upper  Kimmeridgian  A.  apenninicum  Zittel)  is  closer  to  the  paradigm  than  the  remaining,  more 
involute  species  of  Aspidoceras  (text-fig.  6c). 
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text-fig.  6.  Variation  in  the  distribution  of  spines  along  the  whorl  cross-section  with  the  uncoiling  in 
Aspidoceras , and  comparison  with  the  ideal  distribution  of  the  sensors  (paradigm),  a,  paradigm,  b,  Aspidoceras 
binodum  (Oppel),  U.C2. 10.  10,  Sierra  de  Cabra  (province  of  Cordoba),  Lower  Kimmeridgian.  c,  Aspidoceras 
apenninicum  Zittel,  U . AC21 . 5a . 103,  Alta  Coloma  (province  of  Granada),  Middle-Upper  Kimmeridgian. 

U/D,  Umbilicus/Diameter  ratio. 

One  additional  point  of  interest  is  that  the  only  stimulus  detectable  to  the  aspidoceroid  mechano- 
receptors  would  have  been  longitudinal  compression  waves  (P  waves)  as  the  transverse  waves  (S 
waves)  are  not  transmitted  in  water  and  the  surface  waves  (Rayleigh  and  Love  waves)  would  only 
be  detected  by  an  organism  resting  on  top  of  the  substrate  (such  as  Paruroc tonus).  The  speed  of  the 
P waves  is  proportional  to  the  square  root  of  the  rigidity  of  the  medium  through  which  they  are 
being  transmitted,  so  they  travel  comparatively  more  slowly  in  liquids  than  in  solids.  If  the 
information  obtained  by  the  animal  is  based  on  a difference  in  time  between  the  stimulation  of 
various  receptor  organs  then  a slower  transmission  speed  will  increase  the  capacity  to  determine 
both  the  source  and  the  distance  of  the  stimulus.  This  being  true  Aspidoceras  would  have  been  much 
more  sensitive  to  its  environment  than  Paruroctonus , even  when  very  young  and  with  relatively  little 
distance  between  its  ‘antennae’. 

During  the  ontogeny  of  Aspidoceras , as  new  spines  were  being  created  at  the  aperture  of  the  shell, 
so  older  ones  were  abandoned  by  the  sensitive  tissue  of  the  mantle  and  closed  off  by  a layer  of  inner 
prismatic  shell.  Each  tubercle  must  have  been  filled,  from  the  moment  of  its  genesis  to  its  being 
blocked  off,  by  a continuous  progression  of  mantle  tissue,  which  was  constantly  moving  towards  the 
growing  edge  of  the  shell,  so  that  the  relative  positions  between  any  tubercle  and  the  nerve  endings 
occupying  its  tip  would  have  been  constantly  changing.  This  interpretation  implies  the  existence  of 
a continuous  lateral  band  of  sensitive  material  coinciding  with  each  row  of  tubercles,  two  on  each 
flank  in  the  case  of  Aspidoceras.  This  arrangement  is  remotely  reminiscent  of  the  lateral  sensory  lines 
that  many  living  fishes  have. 

Alternatively,  we  may  suppose  an  analogous  mechanism  to  that  described  by  Paul  (1981,  p.  289) 
for  the  gastropod  Mur  ex  pecten.  At  a given  moment  during  growth,  mantle  epithelium  proliferated 
into  long  extensions  (one  for  each  non-floored  spine)  which  developed  special  sensory  tissue  at  their 
distal  tips.  These  extensions  remained  fixed  until  the  forward  movement  of  the  mantle  restarted, 
when  they  would  be  resorbed  again.  This  process  only  makes  sense  if  growth  at  the  aperture  in 
Aspidoceras  was  intermittent  (episodic),  as  in  Mure. x.  Nevertheless,  the  uniform  distribution  of 
growth  lines  observed  in  some  well-preserved  specimens  of  Aspidoceras  makes  this  alternative  highly 
problematic. 

In  view  of  the  abundance  of  tuberculate  forms  throughout  the  Mesozoic  it  may  be  advisable  to 
review  the  role  played  by  the  tubercles  in  other  ammonites  to  ascertain  whether  they  may  not  have 
had  some  sensory  function. 
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A NEW  HYBOTINE  DIPTERAN  FROM  THE 
CRETACEOUS  OF  BOTSWANA 

by  S.  B.  WATERS 


Abstract.  A Cretaceous  dipteran,  Pseudoacarterus  orapaensis  gen.  et  sp.  nov.  is  described  from  Botswana.  It 
is  the  only  Mesozoic  record  of  the  subfamily  Hybotinae,  and  the  first  fossil  assignable  to  the  family  Hybotidae 
from  the  southern  hemisphere.  P.  orapaensis  indicates  that  the  Hybotidae  originated  and  diversified  at  least  40 
million  years  before  the  previously  accepted  date.  P.  orapaensis  may  be  ancestral  to  the  extant  genera  Sabinios 
and  Syndyas , but  not  Acarterus.  The  fossil  supports  predictions  of  a moist,  well-vegetated  and  seasonal 
environment  in  the  Cretaceous  of  this  part  of  southern  Africa.  Diversification  of  the  Hybotinae  appears  closely 
allied  with  that  of  the  angiosperms. 

Of  the  variety  of  insect  orders  represented  in  the  Orapa  collection,  the  dipterans  are  among  the 
most  abundant  (Waters,  1989).  Many  of  the  insects  are  superbly  and  unusually  well  preserved; 
many  whole-bodied  organisms  have  been  found,  some  having  retained  an  exquisite  amount  of 
detail.  Described  here  is  the  first  Mesozoic  record  of  the  subfamily  Hybotinae,  and  the  first  fossil 
hybotid  fly  from  the  southern  hemisphere. 


GEOLOGICAL  SETTING 

The  fossil  site,  located  over  a large  diamondiferous  kimberlite  pipe  (number  2125A/K1)  in  north- 
central  Botswana,  is  just  over  220  km  due  west  of  Francistown  (21°  17'  S,  25°  21'  E,  approximately 
960  m above  sea  level).  The  eruption  of  the  kimberlite  produced  a large  volcanic  crater  which  later 
filled  with  sediments.  Mining  operations  have  revealed  that  there  are  at  least  200  m of  sediments 
comprising  decomposed  kimberlitic  material.  Five  facies  are  recognised:  1,  volcanogenic  and  talus 
slope  deposits;  2,  fluvial  deposits;  3,  debris  flow  deposits;  4,  granular  mass  flows;  and  5,  fine  grained 
sediments. 

Sediments  in  the  form  of  screes  and  talus  ( 1 ^4),  which  were  deposited  as  coarse  mudflows,  have, 
to  date,  yielded  few  fossils.  However,  the  fine  grained  shales  and  mudstones  (5),  which  were 
deposited  within  a small  crater  lake,  have  been  a rich  source  of  superbly  and  unusually  well- 
preserved  material.  This  includes  whole-bodied  organisms  (an  arachnid  and  many  insects)  as  well 
as  plant  fragments.  Among  the  insects  are  Coleoptera,  Blattoidea,  Diptera,  Hymenoptera, 
Hemiptera,  Orthoptera,  Neuroptera  and  Dermaptera.  The  Diptera  are  among  the  most  abundant 
in  the  collection  (Waters  1989).  Specimens  are  preserved  as  coalified  compressions  {sensu  Schopf 
1975)  on  the  bedding  surfaces  of  the  laminated  shales  and  mudstones. 

Several  kimberlite  pipes  (including  Orapa)  within  the  Transvaal  Craton,  have  given  radiometric 
ages  ranging  between  95-4  and  87-7  Ma  (Davis  1977).  Orapa  has  been  so  dated  at  93- 1 Ma  or  late 
Cretaceous  in  age.  The  dates  are  based  on  estimates  of  the  accumulation  of  lead  isotopes  (the  decay 
products  of  uranium)  within  zircon  crystals  in  the  kimberlite.  Additional  results  from  fission  track 
dating  of  the  Orapa  zircons  have  given  results  of  84-4  + 5-7  Ma,  and  92-4  + 6-1  Ma  (Haggerty  et  al. 
1983).  A palynological  study  carried  out  on  the  sediments  also  indicates  an  early  Upper  Cretaceous 
age  (Scholtz  pers.  comm.). 

These  radiometric  dates  represent  the  time  of  eruption  of  the  kimberlite,  or,  more  correctly,  the 
time  of  the  lowering  of  the  temperature  of  the  zircons  below  1200  °C  (McKay  and  Rayner  1986). 
However,  it  seems  likely  from  the  nature  of  the  erupted  kimberlite,  the  sediments,  and  the  basin, 
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that  the  crater  would  have  taken  little  time  to  fill,  perhaps  less  than  05  Ma  (McKay  and  Rayner 
1986).  Therefore,  the  age  difference  between  the  kimberlite  and  the  sediments  may  be  slight. 


METHODS  AND  MATERIAL 

The  fossil  was  examined  using  a Zeiss  SV8  microscope.  It  was  photographed  using  polarized  light, 
with  a Zeiss  Pyramid  photomicroscope.  The  specimen  was  drawn  by  projecting  the  photograph 
on  to  tracing  paper  with  an  enlarging  camera  and  with  the  aid  of  a camera  lucida. 

Morphological  terminology  is  based  on  McAlpine  (1981)  and  the  arrangement  of  species  into 
higher  taxa  follows  that  of  Chvala  (1983). 

SYSTEMATIC  PALAEONTOLOGY 

Superfamily  empidoidea  (sensu  Chvala  1983) 

Family  hybotidae  Chvala,  1983 
Subfamily  hybotinae  ( sensu  Chvala  1983) 

Genus  pseudoacarterus  gen.  nov. 

Type  and  only  known  species.  Pseudoacarterus  orapaensis  sp.  nov. 

Derivation  of  generic  name.  Greek  : pseudes , false,  and  Acarterus , the  extant  genus  most  closely  resembling  the 
fossil. 

Diagnosis.  Legs  slender  with  well-developed  chaetotaxy,  one  pair,  presumably  the  hind  pair,  with 
thickened  femora;  haltere  with  long,  elongated  stalk  and  large  pear-shaped  knob,  both  with  well- 
developed  chaetotaxy;  characteristic  Hybotidae  and  Hybotinae  wing  morphology  and  venation; 
wing  length  > 2 47  mm,  breadth  0-99  mm,  clear,  with  stigma  from  just  in  front  of  R1  to  R2  + 3; 
blade  uniformly  covered  in  microtrichia,  costal  vein  with  stouter  hairs,  other  veins  bare;  well- 
developed  axillary  lobe;  C ends  at  tip  of  Ml ; Sc  is  closely  associated  with  R1  distally  and  joins  it 
far  beyond  radial  bifurcation;  all  longitudinal  veins  simple;  R4  + 5 and  Ml  parallel,  radial  sector 
a little  shorter  than  length  of  basal  cells  br  and  bm;  br  and  bm  long,  a third  of  wing  length,  vein 
separating  them  weakly  developed;  A1  reduced;  dm  large,  elongated,  lies  near  distal  end  of  wing 
and  has  two  veins  issuing  from  it,  both  veins  simple  and  complete;  cup  present,  equal  in  length  to 
br  and  bm. 


Pseudoacarterus  orapaensis  sp.  nov. 

Plate  77;  text-figs.  1-3 

Holotype.  Bernard  Price  Institute  for  Palaeontological  Research,  University  of  the  Witwatersrand ; 
Johannesburg,  South  Africa ; available  as  part.  No.  BP/2/25224a  (PI.  77,  figs.  1-3 ; text-fig.  1 ) and  counterpart. 
No.  BP/2/25224b  (PI.  77,  figs  1-3 ; text-fig.  2),  from  the  Upper  Cretaceous  grey  mudstones  of  Orapa,  Botswana. 

Derivation  of  name.  Site  of  discovery:  Orapa. 

Diagnosis.  As  for  the  genus. 

Description.  The  abdomen,  head  and  thorax  of  Pseudoacarterus  are  crushed,  and  obscure  a third  of  the  right 
wing  and  a quarter  of  the  left  wing;  most  of  the  venation  is  visible  in  the  left  wing  of  the  part  (PI.  77,  fig.  1 ; 
text-figs.  1 and  3).  Bristles  have  been  observed  on  some  areas  of  the  body  (PI.  77,  fig.  2).  Whether  these  are  on  the 
thorax  and/or  on  the  abdomen  is  uncertain,  as  individual  segments  are  not  easily  distinguishable.  These  non- 
differentiated  hairs  may  be  as  long  as  the  knob  of  the  haltere.  The  haltere  is  found  just  above  the  right  wing 
of  the  part  (PI.  77,  figs.  1 and  2;  text-fig.  1)  and  is  0-41  mm  long.  The  body  is  approximately  2-50  mm  long 
(although  this  measurement  is  misleading  because  the  dipteran  lies  over  another  insect  (a  non-dipteran,  as  a 
small  hind-wing  is  detectable)  and  the  bodies  of  these  two  insects  are  not  easily  distinguishable  from  one 
another).  The  wing  span  is  5-42  mm.  The  most  complete  wing  of  the  hybotid  (the  left  wing  of  the  part)  measures 
2-47  mm  long  and  0-99  mm  broad  at  the  widest  point. 
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text-fig.  I.  Pseudoacarterus  orapaensis,  BP/2/25224a,  whole  specimen,  x32-l. 
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text-fig.  2.  Pseudoacarterus  orapaensis,  BP/2/25224b,  whole  specimen,  x 27-5. 


EXPLANATION  OF  PLATE  77 

Pseudoacarterus  orapaensis , gen.  et  sp.  nov..  Upper  Cretaceous,  Orapa,  Botswana.  Figs  1-3,  BP/2/25224a. 
Fig.  4,  BP/2/25224b.  1,  whole  specimen,  x 1 6 8.  2,  Haltere,  x 102-4.  3,  Tibia  and  tarsi  with  two  pectinate 
claws,  x 209.  4,  Whole  specimen,  x21-8. 


PLATE  77 
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text-fig.  3.  Pseuodocarterus  orapaensis,  BP/2/25224a  and,  b.  Composite  drawing  of  the  wings  (left  and  right 
of  part  and  counterpart).  x40-5.  Al,  branch  of  anal  vein;  C,  costa;  CuAl  and  CuA2,  anterior  branches  of 
cubitus;  Ml,  posterior  (sectoral)  branch  of  media;  Rl,  anterior  branch  of  radius;  R2  + 3 and  R4  + 5,  posterior 
(sectoral)  branches  of  radius;  Rs,  radial  sector;  Sc,  subcosta;  ax.l,  axillary  lobe;  bm,  basal  medial  cell;  br, 
basal  radial  cell;  cup,  posterior  cubital  cell;  dm,  discal  medial  cell. 


Fragments  of  five  legs  are  preserved.  The  legs  are  elongated,  the  longest,  presumably  the  hind  leg,  is  2-36  mm 
long  and  has  a thickened  femur.  Femora,  tibia  and  tarsi  are  bristled.  The  complete  femur  of  the  counterpart 
(PI.  77,  fig.  4;  text-fig.  2)  bears  long,  fine  hairs  (longer  than  width  of  segment)  on  the  one  side,  presumably  the 
ventral  side,  only.  The  tibia  and  tarsi  however,  which  are  all  long  and  equally  slender  (PI.  77,  fig.  3),  are 
uniformly  covered  with  much  shorter  hairs  (a  third  of  the  width  of  the  segments).  At  the  end  of  the  last  tarsal 
segment  two  pectinate  claws  are  present  (PI.  77,  fig.  3);  no  further  details  of  the  pretarsus  are  distinguishable. 
No  tibial  gland  is  visible. 

The  haltere  (PI.  77,  fig.  2)  consists  of  a narrow  elongate  stalk  with  a large  pear-shaped  knob;  the  narrow  end 
of  the  ‘pear’  is  attached  to  the  stalk.  The  knob  is  eight  times  as  wide  as  the  stalk.  Both  sections  of  the  haltere 
are  covered  with  especially  fine  short  hairs,  each  about  as  long  as  the  width  of  the  stalk. 

The  wings  are  large  and  narrowly  elliptical  (PI.  77,  figs.  1 and  4;  text-figs.  1-3).  The  membrane  is  entirely  and 
uniformly  covered  with  microtrichia.  The  costal  vein  bears  slightly  longer  and  stouter  hairs.  All  other  veins  are 
bare.  By  combining  the  drawings  of  both  the  left  and  right  wings  of  the  part  and  counterpart,  a composite 
drawing  has  been  made  which  illustrates  venational  details  (text-fig.  3).  The  wings  are  clear  with  a somewhat 
darker,  narrow,  and  elongate  stigma.  The  stigma  extends  from  just  prior  to  the  Rl  vein  to  the  R2  + 3 vein.  The 
axillary  lobe  is  presumably  well  developed  (the  blade,  at  a quarter  of  the  distance  from  the  wing's  point  of  origin, 
is  approximately  as  wide  as  the  rest  of  the  blade;  the  wing-margin  has  thus  not  turned  towards  the  anterior 
of  the  wing  yet,  suggesting  a large  lobe).  The  costal  vein  (C)  ends  at  the  tip  of  the  4th  longitudinal  vein  Ml. 
The  auxiliary  vein  (Sc)  is  closely  associated  with  Rl  distally ; Sc  joins  Rl  far  beyond  the  radial  bifurcation.  The 
longitudinal  veins:  R2  + 3,  R4  + 5,  and  Ml  are  simple.  R4  + 5 and  Ml  are  parallel.  The  radial  sector  is  long, 
not  much  shorter  than  the  basal  section  of  M which  separates  the  basal  cells  br  and  bm.  The  discal  vein  M 
between  the  basal  cells  br  and  bm  is  indistinct.  The  discal  cell  (dm)  is  large  and  elongated  and  lies  relatively 
near  the  wing’s  edge.  It  has  two  veins  issuing  from  its  distal  end  and  it  is  approximately  as  long  as  the  anterior 
vein.  Both  veins  Ml  and  CuAl  join  the  wing-margin.  The  anal  cell  (cup)  is  present  and  is  about  as  long  as  the 
basal  cells;  the  vein  closing  it,  CuA2,  reaches  the  anal  vein  at  right  angles.  The  basal  cells  br,  bm,  and  cup  are 
long,  being  greater  than  a third  of  the  length  of  the  wing.  The  6th  longitudinal  vein  Al  is  weakly  developed, 
it  is  not  certain  whether  it  reaches  the  hind-margin  of  the  wing. 


DISCUSSION 

Biology 

The  family  Hybotidae  includes  about  1300  extant  species  (Chvala  1983).  They  are  small  to  medium 
sized  flies  measuring  T5-12  mm  (Steyskal  and  Knutson  1981).  They  are  recognized  mainly  by  the 
brachycerous-type  wing  venation  and  their  general  predatory  appearance  (Colless  and  McAlpine 
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text-fig.  4.  Wing  of  Trichinites  cretaceus,  after 
Hennig  (1970). 


1970).  One  of  the  three  pairs  of  legs  are  raptorial;  these  have  thickened  femora  probably 
accommodating  strong  muscles  (Smith  1969).  The  proboscis  is  adapted  for  piercing.  The  eyes  are 
large,  often  with  enlarged  upper  ommatidia. 

Adults  are  predominantly  predacious  on  smaller  arthropods  (Colless  and  McAlpine  1970), 
usually  on  other  Diptera  (Barraclough  and  Londt  1985);  Kessell  (1955)  and  Downes  (1970)  also 
mention  cannibalistic  tendencies.  Prey  may  be  live  or  dead  (Downes  and  Smith  1969).  In  the 
Hybotidae  (Poulton  1907,  1913),  the  predacious  habit  is  usually  exhibited  by  both  sexes.  Members 
of  this  family  (and  related  families)  however,  are  not  exclusively  predacious  as  both  sexes  may  visit 
flowers  to  feed  on  nectar  (Laurence  1955;  Downes  and  Smith  1969;  Downes  1970;  Steyskal  and 
Knutson  1981).  Adults  are  mostly  found  among  undergrowth  and  in  shady  woods,  bush,  grassland 
and  moist  vegetation  near  water.  They  have  also  been  observed  on  tree  trunks  and  on  the  surface 
of  water. 

The  immature  stages  are  little  known,  but  they  appear  to  be  predacious  (Smith  1969).  Larvae  of 
most  Hybotinae  (Tuomikoski  1966)  live  in  terrestrial  habitats  such  as  soil,  leaf-litter,  rotting  wood 
or  dung;  a few  species  live  in  intermediate  situations  (e.g.  surfaces  covered  by  a thin  him  of  water) 
and  some  are  aquatic. 

At  least  two-thirds  of  the  species  of  the  subfamily  Hybotinae  are  found  in  the  tropics  and 
subtropics  of  the  Oriental  and  Neotropical  regions  (Chvala  1983).  Three  common  southern  African 
genera  allied  to  P.  orapaensis  are  Sabinios , Syndyas,  and  Acarterus.  The  former  two  extant  genera 
are  found  mainly  in  the  Cape  coastal  region,  and  Acarterus  (with  its  single  species,  A.  unicolor)  is 
an  entirely  Afrotropical  genus  (Smith  pers.  comm.).  Specimens  of  all  three  genera  have  been 
reported  from  the  southern  coastal  regions  in  general,  and  as  far  north  as  Zimbabwe.  These  regions 
are  moist  and  often  well  wooded.  The  absence  of  members  of  the  subfamily  in  the  drier  open 
regions,  including  the  Limpopo  coastal  region,  is  obvious  (Smith  1969). 

The  morphology  of  the  fossil  is  so  similar  to  that  of  living  dipterans,  that  I suggest  their 
environmental  requirements  were  the  same.  Environmental  stability  over  time  ensures  few  or  no 
changes  in  the  physiology  and  morphology  of  an  organism  to  be  necessary  (Coope  1977).  I therefore 
suggest  that  humid  conditions  (and  seasonal  rainfall?)  and  forested  or  well-vegetated  surroundings 
prevailed  at  Orapa  during  this  part  of  the  Cretaceous.  Part  of  the  explanation  may  lie  in  the  position 
of  Africa  at  the  time  of  deposition  of  the  sediments  - the  continent  was  approximately  15°  to  the 
south  of  its  present  position ; Orapa  was  about  where  Cape  Town  is  today.  This  may  have  produced 
a similar  environment. 

Morphology 

Wings.  The  family  Hybotidae,  comprising  the  three  subfamilies  Tachydronriinae,  Hybotinae  and 
Ocydromiinae,  is  characterized  by  several  autapomorphies.  Of  these,  the  only  ones  recognizable  in 
the  Orapa  specimen  are  related  to  wing  venation  (i.e.  the  radial  sector  has  only  two  branches,  and 
the  vein  R4  + 5 is  not  forked). 

Characteristics  typical  of  extant  members  of  the  subfamily  Hybotinae  are  listed  below;  most  are 
shared  with  the  Cretaceous  specimen  but  I indicate  where  this  does  not  occur. 

1.  Wings  often  have  an  apparent  costal  stigma. 

2.  Wings  have  a more  or  less  developed  axillary  lobe  and  no  alula  (the  latter  is  not  distinguishable 
in  P.  orapaensis). 
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3.  The  discal  cell  is  present,  emitting  2 veins  (M2  absent)  to  the  wing  margin. 

4.  The  anal  cell  (cup)  is  large,  at  least  as  long  as  or  longer  than  basal  cells  (in  Pseudoacarterus 
the  anal  cell  is  as  long  as  the  basal  cells). 

5.  Radial  sector  rather  short,  somewhat  longer  in  Syneches,  Slenoproctus , Acarterus , Afrohybos 
and  Parahybos  (in  Pseudoacarterus  the  radial  sector  is  of  intermediate  length). 

The  only  two  plesiomorphic  features  of  the  wing  of  the  Orapa  specimen  are  the  long  basal  cells 
and  the  large  anal  cell.  All  other  characters  are  apomorphic.  The  wings  of  P.  orapaensis  resemble 
those  of  the  extant  genera  Sabinios , Syndyas  and  Acarterus  but  are  most  similar  to  those  of 
Acarterus. 

Legs.  The  hind  femora  of  members  of  the  Hybotinae  are  usually  more  or  less  swollen  and  bristled 
as  is  the  case  in  the  genera  Sabinios,  Syndyas  and  the  fossil  Pseudoacarterus.  This  is  not  so  in 
Acarterus. 

Another  distinguishing  feature  of  the  family  Hybotidae  is  the  gland  on  the  fore-tibia.  This  is  not 
observable  in  the  fossil  because  only  a few  segments  of  the  six  legs  are  preserved,  the  front 
segments  not  being  among  these.  Overall,  the  hybotid  displays  a greater  number  of  apomorphic 
than  plesiomorphic  morphological  characteristics. 

Classification 

The  phylogeny  of  the  Diptera  has  been  studied  and  discussed  by  many  authors  (e.g.  Rohdendorf 
1974;  Hennig  1981).  The  phylogeny  of  the  superfamily  Empidoidea  has  been  best  researched  by 
Hennig  (1981)  and  Chvala  (1981,  1983).  Morphologically,  Pseudoacarterus  orapaensis  undoubtedly 
belongs  to  this  group. 

The  placement  of  this  new  genus  Pseudoacarterus  in  higher  taxa  follows  the  recent  system  of 
Chvala  (1983),  who  studied  all  available  type  material,  including  14000  specimens  from  many  parts 
of  the  world,  but  mainly  Europe,  and  in  particular  Scandinavia.  Workers  have  supported  this 
arrangement  indirectly  (Colless  1963;  Tuomikoski  1966;  Hennig  1970,  1971 ; Chvala  1981).  Chvala 
(1983,  p.  9)  regarded  the  family  Empididae  as  'an  unnatural  paraphyletic  unit’  and,  depending  on 
the  authority,  it  comprised  about  eleven  subfamilies.  Chvala  suggested  splitting  the  former 
Empididae  into  four  distinct  families;  Empididae,  Hybotidae,  Atelestidae,  and  Microphoridae. 
These,  together  with  the  Dolichopodidae  comprise  the  superfamily  Empidoidea  (text-fig.  5). 

Phylogeny.  Chvala  (1981,  1983)  discussed  the  phylogenetic  patterns  of  the  Empidoidea.  I have  taken 
his  phylogeny  and  added  two  Orapa  fossils:  Pseudoacarterus , and  an  empid,  Empis  orapaensis 
(Waters,  1989)  (text-fig.  5). 

The  wings  of  Pseudoacarterus,  being  the  only  parts  available  for  close  study,  do  not  provide 
sufficient  information  for  changes  to  be  made  to  the  arrangement  of  groups  as  shown  in  text-fig.  5. 
Other  morphological  details  are  required  (e.g.  chaetotaxy  of  thorax  and  structure  of  genitalia). 
However,  the  date  of  the  origin  of  the  Hybotidae  is  condiderably  earlier  than  the  70  Ma  supported 
by  Chvala  (1983). 

Diversification  of  the  Hybotidae  coincided  with  the  rise  to  dominance  of  the  flowering  plants.  The 
nectar-feeding  habit  of  these  flies  may  indicate  a close  evolutionary  relationship. 

Of  the  three  subfamilies  of  the  Hybotidae:  Ocydromiinae,  Hybotinae,  and  Tachydromiinae,  the 
latter  two  are  more  closely  related,  on  the  basis  of  the  loss  of  M2  (Hennig  1970).  Hennig  (1970) 
considered  the  Ocydromiinae  to  be  a sister  group  of  the  Tachydromiinae  and  Hybotinae. 

Trichinites  cretaceus  (wing  illustrated  in  text-fig.  4)  was  considered  by  Hennig  (1970)  and  Chvala 
(1983)  to  be  the  forerunner  of  these  three  subfamilies  since  it  displays  several  of  the  groundplan 
characteristics  (e.g.  large  anal  cell,  cup).  The  large  anal  cell  is  also  assumed  to  be  a part  of  the 
groundplan  of  the  Hybotinae.  The  presence  of  an  even  larger  anal  cell  in  some  genera  (e.g.  Hybos), 
and  a short  anal  cell  (as  in  the  Ocydromiinae)  are  derived  features  (Hennig  1970).  The  anal  cell  of 
the  Orapa  fossil  is  proportionally  the  same  size  as  that  of  Trichinites  cretaceus  (it  is  as  long  as  the 
two  basal  cells),  and  this  primitive  feature  therefore  suggests  Pseudoacarterus  to  be  a forerunner  of 
a number  of  hybotid  groups. 
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text-fig.  5 Presumed  phylogeny  of  the  Empidoidea.  a-j,  fossil  finds  in  support  of  phylogenetic  scheme,  a-h, 
after  Chvala  (1983);  i-j,  fossils  from  Orapa,  Botswana.  Shaded  areas  represent  relative  numbers  of  extant 
species;  hatched  areas  represent  the  earlier  origins  predicted  for  the  two  Empidoidea  families  from  Orapa.  a, 
Protempis  (Protempididae) ; b,  Trichinites',  c,  Cretoplatypalpus ; d,  Archiplatypalpus ; e,  Microphorites;  f, 
Cretomicrophorus ; G,  Archichrysotus ; H,  Retinitus ; 1,  Pseudoacarterus  orapaensis ; j,  Empis  orapaensis  Waters. 


Trichinites  also  displays  the  plesiomorphic  characteristics  of  having  three  M veins  emitting  from 
the  discal  cell  and  having  all  the  venational  elements  (cells  and  the  points  of  origin  of  various  veins) 
nearer  the  wing  base.  The  veins  are  thus  longer  than  those  of  some  more  recent  species. 
Pseudoacarterus  orapaensis , however,  exhibits  apomorphic  character  states;  it  has  only  two  M veins 
(having  lost  M2)  and  it  has  the  venational  elements  nearer  the  wing  tip.  Veins  (for  example,  M 1 and 
M3)  are  thus  shortened. 

Pseudoacarterus  excludes  the  Ocydromiinae  as  a possible  descendant  as  its  members  have  either 
a very  short  anal  cell,  for  example  the  genus  Ocydromia , or  they  have  three  M veins  issuing  from 
the  discal  cell,  for  example  the  genus  Stuckenbergia.  The  subfamily  Tachydrominae  is  also  excluded 
as  it  does  not  have  a discal  cell. 

Members  of  the  subfamily  Hybotinae  are,  therefore,  the  only  descendants  of  Pseudoacarterus. 
Extant  genera  which  resemble  this  fossil  are,  as  previously  mentioned,  Sabinios , Svndyas , and 
Acarterus.  As  nearly  all  species  of  the  Hybotinae  have  swollen  and  bristled  hind  femora,  a 
comparatively  large  anal  cell  and  a distinct  vein  M between  the  two  basal  cells  br  and  bm,  I suggest 
that  these  characteristics  are  part  of  the  groundplan  of  the  subfamily.  Pseudoacarterus  does  not 
display  all  these  features  and  1 therefore  do  not  consider  it  an  ancestor  of  all  Hybotinae  genera.  The 
faint  M vein  between  its  two  basal  cells  suggests  it  could  be  ancestral  to  Sabinios  and  Syndyas  as 
both  display  this  feature;  I do  not  believe  that  this  derived  feature  arose  independently  in  more  than 
one  group.  However,  these  two  genera  have  other  derived  characters  which  they  do  not  share  with 
Pseudoacarterus  such  as  the  shortening  of  Rs  (by  the  displacement  of  its  point  of  origin  towards  the 
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wing  tip).  Sabinios  and  Syndyas  have  a considerably  larger  number  of  apomorphic  wing  venational 
characters.  In  Acarterus , on  the  other  hand,  the  portion  of  vein  M between  the  two  basal  cells  is 
distinct.  I suggest  that  Acarterus  branched  away  from  the  main  line  as  a separate  genus  before  the 
appearance  of  Pseudoacarterus,  thereby  possibly  sharing  another  more  ancient  and  as  yet  unknown 
ancester.  This  difference  in  the  venation  of  the  extant  and  the  extinct  genus  is,  however,  the  only 
one,  and  explains  the  name  of  this  newly  found  specimen. 

Trichinites  has  no  distinct  swelling  or  bristling  of  any  of  the  legs,  or  a portion  of  them,  and  it  is 
not  certain  whether  this  was  a part  of  the  groundplan  of  the  Hybotidae  or  of  the  Empidoidea  in 
general.  Swelling  of  femora  or  tibiae  of  the  raptorial  legs  occurs  in  several  groups  within  the 
superfamily.  For  example,  the  Hemerodromiinae  of  the  family  Empididae  display  this  condition  as 
do  the  Hybotinae  and  Tachydromiinae  of  the  Hybotidae.  It  seems  likely  that  this  condition  arose 
independently  a number  of  times.  The  extant  genus  Acarterus  does  not  exhibit  swelling  or  bristling, 
in  contrast  to  Pseudoacarterus , Sabinios  and  Syndyas.  This  supports  my  suggestion  that 
Pseudoacarterus  is  more  closely  related  to  Sabinios  and  Syndyas  than  it  is  to  Acarterus , and  may 
indeed  be  the  common  ancestor  of  Sabinios  and  Syndyas. 
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A NEW  APHID  FROM  THE  CRETACEOUS  OF 

BOTSWANA 

by  r.  j.  rayner  and  S.  B.  WATERS 


Abstract.  The  forewing  of  a fossil  aphid  Siphonophoroides  ? orapaensis  (Homoptera:  Aphididae)  is  described. 
It  is  the  first  fossil  aphid  from  Africa.  Although  it  is  impossible  to  assign  it  with  confidence  to  a distinct  extant 
or  extinct  family  of  the  Aphidoidea,  it  has  been  placed  tentatively  in  the  Drepanosiphidae.  Its  similarity  with 
members  of  the  genus  Siphonophoroides  had  led  to  its  tentative  inclusion  in  this  group.  The  fossil  was 
discovered  in  middle  Cretaceous  sediments  from  the  Orapa  Diamond  Mine,  Botswana.  The  presence  of  an 
aphid  has  implications  for  a palaeoenvironmental  analysis  of  this  part  of  Africa  in  the  Cretaceous;  this  aphid 
was  a specialized  parasite  on  early  angiosperms  and  the  Orapa  climate  was  seasonal  and  temperate  with  spring 
and  summer  rains. 

Despite  their  almost  world-wide  distribution,  and  some  4000  extant  species,  aphids  are  rather  rare 
in  the  fossil  record.  This  is  presumably  due  both  to  their  soft-bodied  nature  and  small  size.  The 
unusual  sedimentary  conditions  prevailing  in  the  Orapa  kimberlite  crater  during  the  Cretaceous 
(McKay  and  Rayner  1986;  Rayner  1987),  however,  have  preserved  a large  number  of  insect 
remains,  and  among  them  an  aphid  wing  was  recently  discovered.  The  specimen  is  the  first  fossil 
aphid  from  Africa. 

Geological  setting.  Mining  operations  at  Orapa  have  exposed  fossiliferous  sediments  overlying  a 
large  diamondiferous  kimberlite  (McKay  and  Rayner  1986).  The  sediments,  a sequence  of  shales 
and  mudstones,  were  laid  down  in  a crater  lake,  and  are  therefore  not  connected  to  other  Cretaceous 
sediments.  The  eruption  of  the  kimberlite  has  been  dated  using  U/Pb  and  fission  track  techniques 
at  c.  95  million  years.  The  nature  of  the  sediments  indicates  that  their  deposition  occurred  almost 
immediately  after  the  eruption  (Rayner  1987;  Waters  1989a,  b ). 

Preservation.  The  wing  is  preserved  as  a compression  fossil  on  a brown  mudstone.  The  outline  and 
venation  are  preserved  as  black  lines  on  the  sediment  surface,  which  indicates  that  organic  material 
remains. 

Methods  and  material.  The  composite  photograph  was  taken  with  a Zeiss  SV8  photomicroscope 
using  double  polarized  light,  which  enhanced  the  natural  contrast  (text-fig.  I).  It  was  impossible  to 
get  all  of  the  wing  in  focus  in  one  frame  due  to  vertical  movement  associated  with  drying  and 
cracking  of  the  sediment.  A drawing  was  therefore  made  with  the  use  of  a camera  lucida 
(text-fig.  2). 


SYSTEMATIC  PALAEONTOLOGY 

Superfamily  aphidoidea  Borner,  1930 
Family  ?drepanosiphidae  Herrich-Schaeffer  (Shaposchnikov,  1979) 
Genus  ?siphonophoroides  Buckton,  1883 

Siphonophoroides ? orapaensis  sp.  nov. 

Text-figs.  1 and  2 


(Palaeontology,  Vol.  32,  Part  3,  1989,  pp.  669 — 673.| 
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text-fig.  I Forewing  of  Siphonoroidesl  orapaensis  n.  sp.,  Cretaceous  of  Orapa,  Botswana.  x480. 


Pt 


text-fig.  2.  Camera  lucida  drawing  of  the  forewing  of  Siphonoroides ? orapaensis  n.  sp.  Pt,  pterostigma;  Rs, 
radial  sector;  M4,  M2,  M3+4,  posterior  (sectoral)  branches  of  media;  Cula,  anterior  branch  of  cubitus;  Culb, 
posterior  branch  of  cubitus;  Sc  + R + M,  subcostal  + radial  + medial  trunk.  x480. 


Holotype.  The  Bernard  Price  Institute  for  Palaeontological  Research  Palaeobotanical  Herbarium,  University 
of  the  Witwatersrand,  Johannesburg,  South  Africa,  No.  BP/2/25970;  single  wing  on  brown  mudstone,  from 
Orapa,  Botswana. 

Derivation  of  name.  Latinized  form  of  Orapa,  the  site  of  discovery. 

Diagnosis.  Wing  narrow,  elongate,  3-25  mm  long  by  1-15  mm  at  the  broadest  point;  anterior  margin 
slightly  concave  apically;  separate  cubital  branches  Cula  and  Culb  present  with  their  bases  not 
widely  separated  at  01 4 mm;  Cula  and  Culh  simple,  less  than  half  the  length  of  the  forewing,  L3 
and  0-7  mm  respectively ; Cult,  and  Sc+R  + M trunk  strongly  pigmented,  more  so  than  other  veins ; 
M with  two  forks,  M,,  and  M3+4,  of  intermediate  lengths  which  leave  M at  equal  distances;  M 
originating  just  proximal  to  base  of  pterostigma  at  an  acute  angle;  Rs  simple,  relatively  straight. 
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1-25  mm  long,  and  originates  from  proximal  part  of  pterostigma;  all  veins  reach  wing  margin  of  the 
wing;  pterostigma  elongate  and  rather  narrow. 

Description.  As  for  diagnosis. 


DISCUSSION 

The  wing  venation  indicates  that  this  specimen  belongs  to  the  aphids.  Important  diagnostic  features 
are  that  only  one  prominent  longitudinal  vein  is  present,  and  the  radial  sector  vein  (Rs)  is  separate 
from  the  stigma.  Assigning  the  specimen  with  certainty  to  a family  of  the  Aphidoidea  has  proved 
difficult.  The  absence  of  morphological  features  additional  to  those  of  the  wing  is  the  major  problem 
(Heie  (1985)  listed  primitive  and  advanced  features  which  are  useful  for  confident  classification). 
Another  complication  is  that  some  Mesozoic  aphids  belong  to  diverse,  strongly  specialized  groups 
(Shaposhnikov  1983),  which  are  now  extinct  (Kononova  1976).  Some  little  specialized  aphids, 
belonging  to  groups  containing  the  ancestors  of  more  than  one  family,  must  also  be  expected  to  be 
found  in  Mesozoid  deposits  (Heie  personal  communication).  Bearing  these  points  in  mind,  the 
single  fossil  wing  has  tentatively  been  placed  in  the  extant  family  Drepanosiphidae.  Its  similarity  to 
an  extant  genus  of  this  family:  Siphonophoroides  Buckton,  1883,  is  likewise  acknowledged,  by 
tentatively  placing  the  specimen  in  this  group,  but,  at  the  same  time,  it  is  stressed  that  members  of 
this  genus  are  considerably  younger  than  the  Orapa  specimen  and  they  have  been  found  far  from 
Africa.  Siphonophoroides  is  represented  by  several  Tertiary  species  in  North  America  and  northern 
Europe.  Although  only  a few  morphological  characters  are  visible,  the  wing  fossil  is  described  as 
a new  species  SI  orapaensis.  There  are  dangers  inherent  in  such  a practice,  but  a fossil  without  a 
name  can  easily  be  forgotten.  The  specimen  is,  however,  significant  in  that  it  is  similar  to  some 
Tertiary  aphids,  but  is  much  older  and  it  is  found  in  a different  hemisphere.  Also,  most  of  the  wing 
characters  of  SI  orapaensis  are  plesiomorphic,  and  its  overall  appearance  is  primitive. 

Most  similarities  of  5?  orapaensis  with  other  groups  are  symplesiomorphies.  There  are  four 
distinct  plesiomorphies : a,  the  subcosta,  radius,  media  and  cubitus  are  united  at  the  base  to  form 
a strong  longitudinal  main  vein;  b,  the  pterostigma  is  well-developed,  rather  elongate;  c,  the  radial 
sector  leaves  the  basal  part  of  the  pterostigma;  d,  the  media  has  two  forks,  and  one  apomorphous 
character,  which  has  evolved  by  convergence  or  parallelism  in  many  aphid  families;  i.e.  the 
branching  of  the  cubitus  inside  the  main  vein  thereby  forming  two  separate  branches,  Cula  and 
Culb. 

Although  overall  morphology  of  the  wing  is  primitive,  it  shows  similarities  with  several  aphids 
from  the  present  as  well  as  the  geological  past.  The  cubitus  is  strong  and  dark,  as  in  the  Cretaceous 
Elektraphididae  Steffan,  1968  (Phylloxeroidea)  and  in  Triassoaphis  Evans,  1956.  The  origin  and 
branching  of  M resembles  that  of  Jurocallis  Shaposhnikov,  1979  from  the  Jurassic.  The  long 
straight  Rs,  leaving  the  proximal  half  of  the  pterostigma,  is  found  in  Siphonophoroides  Buckton, 
1883  (Drepanosiphidae)  from  the  Tertiary  and  Oviparosiphwn  Shaposhnikov,  1979  (Ovi- 
parosiphidae)  from  the  Cretaceous  and  in  Recent  species  of  Mindarus  Koch,  1857  (in  Heie  1987). 
The  origin  of  the  cubital  branches  is  as  in  Oviparosiphum,  and  the  shape  of  the  pterostigma  is  similar 
to  Siphonophoroides.  The  greatest  overall  similarity  of  the  aphid  wing  is  to  Siphonophoroides  spp., 
however,  and  in  the  absence  of  further  details,  the  specimen  is  considered  to  be  a possible  member 
of  this  genus. 

The  oldest  fossil  aphid,  Triassoaphis  cubitus,  was  described  from  Triassic  sediments  (Evans  1956). 
It  is  likely,  however,  that  the  first  aphids  evolved  in  the  Carboniferous,  or  Permo-Carboniferous 
times,  from  the  same  stock  that  gave  rise  to  the  extinct  Archescytinidae  and  other  Homoptera, 
which  are  all  thought  to  have  parasitized  gymnosperms  (Heie  1967).  Shaposhnikov  (1979)  described 
seven  species  of  aphid  from  the  Late  Jurassic/Early  Cretaceous,  approximately  the  time  of  first 
appearance  of  the  angiosperms;  however,  he  suggested  that  gymnosperms  were  their  hosts. 

Heie  (1985)  suggested  that  the  first  true  aphids  were  polyphagous  and  included  plant  sap  in  their 
diet;  they  did  not  have  host  alternation,  but  could  probably  feed  on  both  gymnosperms  and  early 


29 


PAL  32 


672  PALAEONTOLOGY,  VOLUME  32 

(unknown)  angiosperms;  they  were  probably  oviparous  through  all  generations  and  only 
facultatively  parthenogenetic. 

In  contrast  to  these  early  representatives,  the  hosts  of  most  present-day  aphids  are  angiosperms, 
although  some  live  on  gymnosperms  and  a few  on  ferns,  Equisetum , and  mosses  (Dixon  1973).  All 
homopterans  are  terrestrial  and  phytophagous  (Jacobs  1985),  and  they  are  frequently  found  ih  large 
numbers  on  plants  (Dixon  1985).  Aphids  may  be  encountered  on  young  shoots,  under  leaves,  on 
branches  or  on  the  roots  of  their  hosts;  some  (which  overwinter  as  eggs)  have  host  alternation, 
which  means  that  they  utilize  primary  and  secondary  hosts  as  food  sources  (Millar  1985).  The 
primary  hosts  are  the  plants  (usually  trees)  on  which  the  diapause  eggs  are  laid. 

Most  species  are  polymorphic  and  have  a complex  life-cycle  which  may  be  correlated  with  sex, 
season,  climate  and  habitat  stability.  In  most  Aphidoidea  there  are  two  kinds  of  parthenogenetic 
females,  apterae  and  alatae.  The  apterous  condition  is  associated  with  rapid  growth  and 
reproduction  and  the  winged  condition  with  dispersal  and  migration  (Jacobs  1985). 

Of  the  many  predators  of  aphids,  most  are  insects;  they  include  the  larvae  and  adults  of  lacewings 
and  most  ladybird  beetles,  the  larvae  of  some  hoverflies,  cecidomyid  larvae  and  some  Hymenoptera. 
Certain  birds  also  eat  aphids,  especially  when  these  are  abundant  or  when  other  food  is  scarce.  Few 
aphids  thrive  in  hot,  dry  weather;  they  favour  well-watered  ground  which  supports  quantities  of 
green  and  actively  growing  vegetation  (Dixon  1985). 

Whether  present-day  aphid  life  strategies,  and  the  complex  interactions  with  other  insects  and 
plants,  were  common  features  in  the  Cretaceous  is  unknown.  We  may,  however,  speculate  that  the 
association  with  angiosperms  arose  with  their  first  appearance.  Angiosperm  and  pteridophyte 
remains  have  been  recovered  from  Orapa  sediments,  but,  to  date,  no  gymnosperms.  Recent  aphids, 
similar  to  Siphonophoroides , parasitize  Acer  and  other  angiosperm  trees;  although  Acer  is  a 
northern  genus,  similar  fossil  leaves  have  been  found  at  Orapa  (Bamford  personal  communication). 
This  invites  the  suggestion  that  Siphonophoroides ? orapaensis  used  these  plants  as  hosts.  There  are 
numerous  predatory  insect  remains  from  Orapa:  beetles,  wasps,  lacewings,  and  flies  (Waters 
1989  a,  b),  as  well  as  spiders,  and,  almost  certainly,  some  were  feeding  on  aphids.  The  presence  of 
this  insect  reinforces  the  notion  that  the  climate  was  seasonal  and  temperate  with  spring  and 
summer  rains,  although  some  recent  aphids  occur  in  climates  with  uniform  precipitation  and 
temperature  throughout  the  year. 
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CALLOVI AN  COLONIAL  CORALS  FROM 
THE  TUWAIQ  MOUNTAIN  LIMESTONE  OF 

SAUDI  ARABIA 

by  GHALIB  M.  A.  EL-ASA'AD 


Abstract.  The  earliest  development  of  coral-bearing  strata  in  Central  Saudi  Arabia  took  place  during 
deposition  of  the  Tuwaiq  Mountain  Limestone  (upper  Middle-Upper  Callovian).  It  does  not  appear  to  constitute 
a major  barrier  reef,  but  rather  a series  of  isolated  corals  and  coral  bioherms;  coral  heads  (20-50  cm  in 
diameter)  are  scattered  in  life  position  within  an  extensive  sheet  of  pure  limestone  (20^10  m thick)  stretching 
for  more  than  1000  km  along  strike  in  Central  Saudi  Arabia.  This  sheet  could  be  described  as  an  extensive 
biostrome.  A striking  feature  of  the  Tuwaiq  Mountain  Limestone  coral  fauna  is  the  low  diversity  of  species  that 
persisted  throughout  the  development  of  the  formation.  These  species  are:  Meandraraea  gazaensis  Alloiteau 
and  Farag,  Ovalastraea  caryophylloides  Goldfuss,  Trigerastraea  collignoni  (Alloiteau),  Columnocoenia  lamberti 
Alloiteau  and  Brachthelia  sp.  A possible  explanation  for  the  low  diversity  of  the  fauna  is  inimical  ecological 
conditions  or  palaeobiogeographical  barriers  which  could  have  prevented  the  historical  accumulation  of 
species  from  neighbouring  areas.  Similar  factors  are  responsible  also  for  the  endemism  of  the  Jurassic  Arabian 
fauna  including  ammonites,  foraminifers,  algae,  ostracods,  nautiloids,  brachiopods  and  echinoids. 

The  earliest  development  of  a coral-bearing  barrier  system  in  Central  Saudi  Arabia  took  place 
during  deposition  of  the  Upper  Tuwaiq  Mountain  Limestone  (Late  Callovian).  An  extensive  sheet  of 
coral-bearing,  dense,  pure,  aphanitic  limestone  (25-40  m thick)  caps  the  formation.  Coral  heads  are 
scattered  commonly  in  position  of  growth  but  ordinarily  they  make  up  only  a small  proportion  of 
the  rock  as  a whole.  Small  coral  bioherms  up  to  15  m high  and  about  50  m in  diameter  are  present 
locally  just  west  of  the  city  of  Riyadh  (in  the  Durma  region,  true  metre-high  reefs  are  particularly 
visible  in  the  cutting  made  for  the  Riyadh-Jiddah  highway);  elsewhere  the  Upper  Tuwaiq  Mountain 
Limestone  is  micritic  and  well-bedded.  To  the  south  of  Riyadh  the  formation  thins  and  corals 
become  more  and  more  concentrated  into  rubbly  beds  in  which  their  remains  make  up  a substantial 
proportion  of  the  rock.  About  200  km  to  the  north  of  Riyadh  (west  of  the  city  of  Majma’ah)  the 
upper  Tuwaiq  Mountain  Limestone  contains  a higher  proportion  of  soft  limestones.  In  this  area, 
only  the  upper  part  of  the  formation  is  preserved  in  the  Majma’ah  graben  as  prominent  ridges  and 
erosional  remnants.  Well-preserved,  complete  coralla  were  collected  from  these  erosional  surfaces 
at  Khashm  Furaythan  (text-fig.  1)  and  these  comprise  the  material  used  in  the  present  study. 
Although  the  stratigraphy  and  sedimentation  of  Mesozoic  formations  in  Central  Saudi  Arabia  have 
been  adequately  studied,  the  corals  and  coral  reefs  have  not  previously  been  investigated.  Hitherto, 
no  coral  species  have  been  figured  from  the  Tuwaiq  Mountain  Limestone. 


GEOLOGICAL  SETTING 

The  lithostratigraphy  of  the  Tuwaiq  Mountain  Limestone  has  been  described  by  Steineke  (1937), 
Arkell  (1952),  Steineke  et  al.  (1958),  Powers  el  al.  (1966)  and  Powers  (1968).  According  to  Powers 
et  al.  ( 1966),  the  Tuwaiq  Mountain  Limestone  is  named  after  Jabal  Tuwaiq,  the  spectacular,  nearly 
parallel  sequence  of  west-facing  scarps  developed  in  the  Jurassic  rocks  of  Central  Arabia.  The 
Tuwaiq  Mountain  Limestone  itself  forms  the  largest  and  most  persistent  of  these  escarpments  and, 
as  such,  constitutes  the  backbone  of  Jabal  Tuwaiq.  It  has  been  mapped  from  lat.  17°  30'  N to 
lat.  27°  30' N,  a distance  of  more  than  1200  km.  Over  most  of  its  extent  the  limestone  forms 
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text-fig.  I.  Geological  map  of  west  Al-Majma’ah,  Central  Saudi  Arabia  showing  collection  site  (Khashm 

Furaythan)  (after  Bramkamp  and  Ramirez  1958). 


a precipitous  west-facing  cuesta.  The  thickness  of  the  Tuwaiq  Mountain  Limestone  reaches  a 
maximum  of  between  200  and  215  m in  the  Darb  al  Hijaz  (type  locality)  to  Wadi  Nisah 
(lat.  24°  15'  N)  area.  The  formation  thins  uniformly  away  from  this  region  to  the  north  and  to  the 
south,  where  it  becomes  45-60  m thick  at  its  northern  and  southern  extremities.  The  Lower  Tuwaiq 
Mountain  Limestone  comprises  a series  of  fine-grained,  fairly  clayey  limestones  intercalated  with 
beds  of  brown  calcarenite  and  white  bioturbated  nodular  limestone.  The  Middle  Tuwaiq  Mountain 
Limestone  comprises  a monotonous  assemblage  of  fine-grained  or  gravelly  bioclastic  limestones, 
relatively  bioturbated  and  clayey,  containing  isolated  corals.  The  Upper  Tuwaiq  Mountain 
Limestone  consists  of  very  extensive  bioclastic  limestone  and  calcarenite,  rich  in  silicified  corals  and 
stromatoporoids  which  locally  give  rise  to  reef  forms  with  bioherms  in  the  middle  of  the  basin. 

The  lower  part  of  the  Tuwaiq  Mountain  Limestone  was  assigned  to  the  Middle  Callovian  by 
Arkell  ( 1952)  on  the  basis  of  the  ammonite  Erymnoceras , and  later  by  Imlay  ( 1970)  on  the  basis  of 
the  ammonites  Pachyceras  cf.  schloenbaclii , Erymnoceras  philbyi  and  Erymnoceras  (Pachy- 
erymnoceras ) cf.  E.  (P.)  jarri.  The  upper  part  of  the  Tuwaiq  Mountain  Limestone  contains  two 
distinctive  foraminifers,  Kurnubia  wellingsi  (Henson)  and  Steinekella  steinekei  Redmond,  which 
were  considered  to  be  of  Oxfordian  age  by  Powers  et  al.  (1966).  Subsequently,  Le  Nindre  et  al. 
(1983)  assigned  a Middle  to  Upper  Callovian  age  to  the  Tuwaiq  Mountain  Limestone  outcrops 
south  of  Riyadh,  following  their  record  of  Trocholina  palastiniensis  (Henson)  generally  associated 
with  Kurnubia  bramkampi  Redmond  from  the  lower  part  of  the  formation,  Kurnubia  cf.  palastinensis 
(Henson)  from  the  middle  part,  and  Steinkella  steinekei  (Redmond)  from  the  coral  biostromal  facies 
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in  the  upper  part.  In  1986,  Enay  et  al.  recorded  the  ammonites  Pachyerymnoceras , Erymnoceras  and 
Kurnubiella  cf.  hatirae  (Lewy)  from  the  Tuwaiq  Mountain  Limestone  and  they  assigned  an  upper 
Middle-Upper  Callovian  age  ( coronation  Zone)  to  the  Tuwaiq  Mountain  Limestone. 

SYSTEMATIC  PALAEONTOLOGY 

The  author  has  followed  Beauvais  (1980)  in  the  classification  of  coral  genera.  All  figured  specimens  are 
deposited  in  the  collection  of  the  Department  of  Geology,  University  of  King  Saud,  Riyadh,  Saudi  Arabia  and 
are  prefixed  by  KSU.  G.  COR. 


Suborder  fungiina  Verrill,  1865 
Superfamily  synastraeoidae  Alloiteau,  1952 
Family  microsolenidae  Koby,  1890 
Genus  meandraraea  Etallon,  1858 

Type  species.  Meandraraea  gresslyi  Etallon,  1864. 


Meandraraea  gazaensis  Alloiteau  and  Farag,  1958 
Plate  78,  figs.  1-3 

1958  Meandraraea  gazaensis  Alloiteau  and  Farag,  p.  97,  pi.  13,  fig.  2. 

Material.  KSU.  G.  COR.  20,  21,  two  well-preserved  coralla  from  the  Upper  Tuwaiq  Mountain  Limestone  at 
Khashm  Furaythan. 

Description.  Colony  massive,  meandroid.  Calicular  surface  slightly  convex,  thin  epitheca  on  collines  in  the 
central  part  of  calicular  surface.  Lower  surface  slightly  concave  with  concentrically  wrinkled,  thin  epitheca. 
Calices  are  arranged  in  short,  sinuous  series  with  2^1  corallite  centres;  they  are  either  open  or  closed  at  their 
ends.  Calicular  pits  are  distinct,  small,  round,  shallow  and  aligned  in  single  rows.  Isolated  calices  are  rare. 
Corallite  centres  inside  series  are  not  united  directly,  they  are  joined  by  costosepta  of  adjacent  calices. 
Costosepta  are  confluent  on  the  colline  tops,  parallel  on  colline  sides  and  curved  to  meet  the  corallite  centres; 
they  are  perforated  and  consist  of  simple  trabeculae.  Costosepta  are  porous,  always  ornamented  by  pennules 
(pennules  are  ledges,  paired  on  each  face  of  the  septum,  which  run  in  discontinuous  series  at  right  angles  to 
the  trabeculae;  they  are  concave  upwards  with  rounded  teeth  marking  the  curved  outer  rims,  see  Gill  (1967, 
1977,  1982)),  laterally  connected  by  simple  synapticulae;  synapticulae  are  few  and  appear  in  longitudinal 
sections  perpendicular  to  septa  to  be  diagonal  to  the  septal  plane  and  not  horizontal.  No  walls  between  calices. 
Collines  are  tholiform,  discontinuous  and  without  ambulacra.  No  columella.  Endotheca  thin  and  composed 
of  very  fine  dissepiments  stretched  between  adjacent  septa;  their  planes  are  inclined  and  not  at  right  angles  to 
the  septa. 

Dimensions.  Diameter  of  corallum,  16-22  cm;  height  (thickness)  of  corallum,  5-6  cm;  width  of  the  corallite 
series,  3-10  mm;  distance  between  corallite  centres  in  series,  2-3-5  mm;  septal  density  along  the  collines,  50-60 
in  1 cm. 

Family  latomeandridae  Alloiteau,  1952 
Genus  ovalastraea  d'Orbigny,  1900 

Type  species.  Astra  caryophylloides  Goldfuss,  1826. 

Ovalastraea  caryophylloides  (Goldfuss,  1826) 

Plate  78,  figs.  4-9 

1943  Ovalastrea  caryophylloides  Goldfuss;  Vaughan  and  Wells,  p.  120,  pi.  10,  fig.  17 
1964  Ovalastrea  caryophylloides  (Goldfuss);  Beauvais,  p.  259,  pi.  38,  fig.  3,  text-fig.  53. 

Material.  KSU.  G.  COR.  22,  23.  Five  well-preserved  coralla  were  collected  from  the  Upper  Tuwaiq  Mountain 
Limestone  at  Khashm  Furaythan. 
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Description.  Colony  massive,  plocoid.  Lower  surface  conical  with  thickly  plated  growth  lamellae  and  without 
epitheca.  Calicular  surface  moderately  convex.  Multiplication  of  corallites  by  mono-  to  tristomodaeal 
intratentacular  budding.  Corallites  are  mono-  to  tricentric  united  by  costae  and  perithecal  dissepiments. 
Corallites  are  of  different  size  and  shape  (circular,  ovate,  elongated  or  subpolygonal);  they  are  surrounded  by 
acute,  moderately  high  exsert  margins  and  separated  or  surrounded  by  shallow,  very  thin  ambulacra  or 
intercorallite  surfaces.  Corallite  centres  in  bi-  or  tricentric  corallites  are  either  united  directly  by  one  or  two 
septal  lamellae  or  are  not  directly  united.  Radial  elements  are  slightly  perforated  costosepta;  they  are  long, 
straight  and  meet  the  axial  region  of  the  calice  at  their  inner  ends;  5-20  short  septa  join  the  long  ones  at  their 
inner  margins;  a few  septa  are  shorter  and  free  between  the  long  and  short  ones.  Septa  bifurcate  at  the  corallite 
margins  and  spread  as  exothecal  costae;  these  costae  are  sharply  confluent  on  the  intercorallite  surfaces. 
Costosepta  are  slightly  perforated  and  consist  of  simple  trabeculae.  Costosepta  are  pennular,  with  pennulae  (as 
seen  in  vertical  sections)  alternating  in  a zig-zag  pattern  along  septum.  Columella  trabecular  or  spongy. 
Endotheca  composed  of  fine  dissepiments  in  interseptal  spaces;  they  are  strongly  inclined.  Exothecal 
dissepiments  are  numerous  and  infill  intercostal  spaces.  Synapticulae  are  horizontal  or  slightly  inclined. 

Dimensions.  Maximum  diameter  of  corallum,  14-20  cm;  height  of  corallum,  8-12  cm;  diameter  of  corallites, 
5-14  mm;  distance  between  calices,  4-12  mm;  number  of  septa,  50-60  in  1 cm. 

Family  andemantastraeidae  Alloiteau,  1952 
Genus  trigerastraea  Alloiteau,  1951 

Type  species.  Isastrea  trigeri  Fromental,  1887. 

Trigerastraea  collignoni  (Alloiteau,  1958) 

Plate  79,  figs.  1-3 

1958  Trigerastraea  collignoni  Alloiteau,  p.  78,  pi.  7,  fig.  1 and  pi.  14,  fig.  3. 

Material.  KSU.  G.  COR.  24,  25.  Three  well-preserved,  complete  coralla  were  collected  from  the  Upper  Tuwaiq 
Mountain  Limestone  at  Khashm  Furaythan. 

Description.  Colony  massive,  subcerioid,  hemispherical,  the  lower  surface  moderately  concave  and  covered  by 
a thin  epitheca,  the  calicular  surface  regular  and  strongly  convex.  Multiplication  of  corallites  is  by  cerioid 
mono-  to  distomodoeal  or  tristomodoeal  intratentacular  budding  producing  short  corallite  series  (with  2-3 
centres)  and  numerous  isolated  calices.  Calices  are  pentagonal,  rarely  hexagonal  or  irregular  with  4 to  6 
unequal,  substraight  to  curved  sides.  Corallite  series  are  subpolygonal,  irregular,  and  with  distinct  corallite 
centres  which  are  united  by  one  or  two  substraight  costosepta.  Walls  of  adjacent  isolated  calices  or  series 
delimit  a narrow,  shallow,  polygonal  intercorallite  trough  (ambulacra)  which  is  0-5  mm  deep  and  0-75  mm 
wide.  Radial  elements  are  subconfluent  costosepta  (48-56),  of  three  different  sizes;  there  are  12-16  straight  long 
septa  (Sj)  extending  to  corallite  axial  organ,  and  12-16  short  septa  (S2)  united  to  long  septa  by  curving  of  their 
inner  margins,  24-32  shorter  septa  (S;J)  are  inserted  between  long  septa  and  united  to  them  near  the  distal 
margin.  Costosepta  are  pennular,  rarely  perforated  and  formed  of  simple  trabeculae.  Synapticulae  are  rare. 
Lateral  faces  of  septa  have  granules  aligned  in  rows  perpendicular  to  the  margins  of  the  septa.  Parietal 
columella.  Endotheca  is  formed  of  fine,  strongly  inclined  dissepiments. 


EXPLANATION  OF  PLATE  78 

Figs.  1-9.  Corals  from  the  Upper  Tuwaiq  Mountain  Limestone  (Upper  Callovian),  Khashm  Furaythan, 
Central  Saudi  Arabia. 

Figs.  1-3.  Meandraraea  gazaensis  Alloiteau  and  Farag,  KSU.  G.  COR.  20.  1,  calicular  surface,  xO-4.  2, 
transverse  thin  section  showing  corallite  series,  x 10.  3,  longitudinal  thin  section  perpendicular  to  the  septa 
showing  the  alternation  of  pennular  level  in  adjacent  septa  and  the  inclined  synapticulae,  x40. 

Figs.  4-9.  Ovalastraea  caryophylloides  (Goldfuss),  KSU.  G.  COR.  22.  4,  calicular  surface,  xO-6.  5,  detail  of 
calicular  surface,  x 3.  6,  transverse  thin  section  of  monocentric  calice,  x 10.  7,  transverse  thin  section  of 
tricentric  calice,  x 10.  8,  transverse  thin  section  of  bicentric  calice,  x 10.  9,  longitudinal  thin  section 
perpendicular  to  the  septa  showing  the  alternating  pennulae  of  septa  and  the  slightly  inclined  planes  of  the 
synapticulae,  x 10. 


PLATE  78 


EL-ASA’AD,  Meandraraea , Ovalastraea 


680 


PALAEONTOLOGY,  VOLUME  32 


Dimensions.  Diameter  of  corallum,  20-26  cm;  height  of  corallum,  8-13  cm;  larger  diameter  of  isolated  calices, 
7-13  mm;  smaller  diameter  of  isolated  calices,  5-10  mm;  width  of  corallite  series,  16-22  mm;  distance  between 
calicular  centres  for  isolated  calices,  5-10  mm;  density  of  septa,  30-40  in  1cm;  number  of  septa:  48-56. 

Suborder  stylinina  Alloiteau,  1952 
Family  agatheliaidae  Beauvais  and  Beauvais,  1975 
Genus  agathelia  Beauvais  and  Beauvais,  1975 

Type  species.  Brachthelia  collignoni  Beauvais  and  Beauvais,  1975. 

Brachthelia  sp. 

Plate  79,  figs.  4—6 

Material.  KSU.  G.  COR.  26.  Three  well-preserved  coralla  were  collected  from  the  Upper  Tuwaiq  Mountain 
Limestone  at  Khashm  Furaythan. 

Description.  Colony  plocoid,  multiplication  of  corallites  by  intercalicinal  budding.  Calicular  surface 
moderately  convex.  Costae  are  few;  they  are  fairly  well-developed  only  on  calicular  margins  and  present  within 
the  lamellar  peritheca.  Peritheca  is  well-developed,  consisting  of  granular,  superposed  lamellae;  each  lamella 
is  built  up  of  single  sheets  of  dissepiments.  No  exotheca  exists  between  the  perithecal  lamellae.  Radial  elements 
are  compact  costosepta  arranged  hexamerally  into  six  subequal  groups;  each  group  consists  of  four  septa 
[l(Sj),  1(S.,)  and  2(S3)].  Sj  and  S2  are  subequal  and  united  at  their  inner  margins  to  the  axial  organ  of  the  calice. 
S3  are  shorter  (one  half  length  of  Sj)  and  they  are  united  with  Sj  and  S2  at  the  midlength  of  S,  and  S2.  Distal 
margins  of  the  radial  elements  are  ornamented  with  thin,  rounded  and  equidistant  teeth.  Axial  organ  is  a large, 
elliptical,  styliform  columella.  Endotheca  is  rarely  developed.  Wall  septothecal. 

Dimensions.  Diameter  of  corallum,  20-25  cm;  height  of  corallum,  12-14  cm;  diameter  of  corallites,  5-12  mm; 
distance  between  corallite  centres,  8-12  mm;  number  of  septa,  24. 

Discussion.  This  species  is  distinguished  by  its  type  of  radial  symmetry  which  is  characteristic  of  the 
suborder  Stylinina  Alloiteau,  1952,  and  by  its  lamellar  peritheca  which  characterizes  the  genus 
Brachthelia  Beauvais  and  Beauvais,  1975.  The  extremely  low  diversity  of  Brachthelia  species 
together  with  the  poor  material  collected  from  Central  Arabia  makes  the  erection  of  a new  species 
inadvisable. 

Suborder  faviina  Vaughan  and  Wells,  1943  (=  astraeoida  Alloiteau,  1952) 

Family  placocaeniidae  Alloiteau,  1952 
Genus  columnocoenia  Alloiteau,  1952 

Type  species.  Columnocoenia  lamberti  Alloiteau,  1952. 


explanation  of  plate  79 

Corals  from  the  Upper  Tuwaiq  Mountain  Limestone  (Upper  Callovian),  Khashm  Furaythan,  Central  Saudi 
Arabia. 

Figs.  1-3.  Trigerastraea  collignoni  (Alloiteau),  KSU.  G.  COR.  24.  1,  calicular  surface,  x0-7.  2,  transverse  thin 
section  of  bicentric  calice,  x 10.  3,  longitudinal  thin  section  perpendicular  to  the  septa  showing  alternating 
pennulae  and  strongly  inclined  dissepiments,  x 40. 

Figs.  4-6.  Brachthelia  sp.,  KSU.  G.  COR.  26.  4,  calicular  surface,  x 1.  5,  transverse  thin  section  of  corallite 
showing  the  radial  symmetry  of  the  septa,  x 10.  6,  side  view  of  corallum,  x0-5. 

Figs.  7-9.  Columnocoenia  lamberti  Alloiteau,  KSU.  G.  COR.  27.  7,  part  of  calicular  surface,  x 1.  8,  detail, 
x 4.  9,  longitudinal  thin  section  showing  pennular  septa  and  dissepiments,  x 20. 


PLATE  79 
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Columnocoenia  lamberti  Alloiteau,  1957 

Plate  79,  figs.  7-9 

1957  Columnocoenia  lamberti  Alloiteau,  p.  135,  pi.  7,  fig.  5. 

Material.  KSU.  G.  COR.  27.  Six  well-preserved  coralla  were  collected  from  the  Upper  Tuwaiq  Mountain 
Limestone  at  Khashm  Furaythan. 

Description.  Colony  massive,  plocoid.  Calicular  surface  convex.  Multiplication  of  corallites  is  by  extracalicinal 
budding.  Corallites  almost  cylindrical  and  united  by  well-developed  peritheca.  Calices  are  joined  together  by 
confluent  to  subconfluent,  thick  and  well-developed  costae;  calices  are  generally  large  in  size  and  rounded. 
Radial  elements  are  compact  costosepta  with  a few  perforations  at  their  axial  ridges;  arranged  in  radial  and 
bilateral  symmetry  into  equal  systems;  there  are  six  primary,  thick  and  calviform  septa  (Sj)  alternating  with 
six  secondary  septa  (S2);  St  and  S2  are  free  and  bifurcate  into  24  tertiary  septa  (S3).  Upper  margins  of  septa 
are  dentate  with  strong  and  widely  spaced  teeth;  lateral  faces  are  ornamented  with  spiniform  granules  arranged 
into  a few  rows.  There  are  thick  and  slightly  elongated  pali  surrounding  the  axial  organ;  pali  are  located  at 
the  axial  ends  of  St  and  S2.  Columella  thick,  lamellar  and  anastomosing  with  two  diametrally  opposed 
forming  a continuous  lamella  and  dividing  the  calice  into  two  equal  parts.  Endotheca  is  rare.  Exotheca  thick 
with  abundant  dissepiments,  especially  in  the  lower  part  of  corallum.  Wall  is  continuous  (septo  and 
synapticulothecal). 

Dimensions.  Diameter  of  corallum,  11-20  cm;  height  of  corallum,  6-10  cm;  diameter  of  calices,  5-7  mm; 
distance  between  corallite  centres,  8-13  mm;  number  of  septa,  6Sj  + 6S2  + 24S.J. 

DISCUSSION 

The  Arabo-Nubian  Massif  and  the  Tethys  Sea  were  the  two  main  factors  controlling  sedimentation 
in  Saudi  Arabia  during  Mesozoic  times.  The  succession  in  the  Jurassic  basin  of  Central  Saudi 
Arabia  is  divided  into  the  Lower  Jurassic  Marrat  Formation,  the  Middle  Jurassic  Dhruma 
Formation  and  Tuwaiq  Mountain  Limestone,  and  the  Upper  Jurassic  Hanifa  Formation,  Jubaila 
Limestone,  Arab  Formation  and  Hith  Anhydrite  (Bramkamp  and  Steineke  in  Arkell  1952;  Powers 
el  al.  1966;  Powers  1968).  Jurassic  outcrops  in  Central  Saudi  Arabia  are  arranged  in  a convex  arc 
hinged  on  the  Al-Riyadh  region  with  the  horns  of  the  arc  orientated  to  the  north-west  and  to  the 
south.  The  total  outcrop  length  is  in  excess  of  1000  km  and  the  width  nowhere  exceeds  85  km.  The 
greatest  outcrop  width  and  thickness  (1100  m thick)  are  in  the  Al-Riyadh  region.  This  represents  the 
area  closest  to  the  open  sea  domain  of  the  Tethys  which  was  located  to  the  north-east  of  Riyadh, 
mostly  underlying  the  present  day  Arabian  Gulf. 

The  Jurassic  basin  of  Central  Saudi  Arabia  was  a young  basin  during  deposition  of  the  Lower 
Marrat  Formation  and  Upper  Dhruma  Formation  (Toarcian-Lower  Bathonian),  a mature  basin 
during  deposition  of  the  Upper  Dhruma  Formation  and  Lower  Hanifa  Formation  (Middle 
Bathonian-Middle  Oxfordian),  and  an  old  basin  when  the  Upper  Hanifa  Formation  and  the  Hith 
Anhydrite  (Upper  Oxfordian-Tithonian)  were  deposited.  The  latter  phase  is  one  of  basin  closure 
accompanied  by  epeirogenic  phenomena  and  ending  with  the  Sabkah  landscape  of  the  Hith 
Anhydrite  (Powers  et  al.  1966;  Enay  et  al.  1986). 

During  the  Callovian,  a broad  shallow  sea  along  the  southern  flank  of  the  Tethys  deposited 
clastic-rich  limestones  from  Central  Arabia  eastwards  to  Iran  and  Oman,  and  southwards  across 
Yemen  and  Aden.  Similar  neritic  limestones  extend  north  through  Central  Iraq  (Powers  et  al.  1966). 
In  Central  Saudi  Arabia  during  the  deposition  of  the  Tuwaiq  Mountain  Limestone  (upper 
Middle  Upper  Callovian),  this  broad  shallow  sea  deposited  very  extensive  bioclastic  limestones  and 
calcarenites,  rich  in  silicified  corals  and  stromatoporoids.  The  upper  part  of  these  limestones  forms 
an  extensive  coral  biostrome  extending  for  more  than  1000  km  in  Central  Saudi  Arabia  and  locally 
includes  small  bioherms.  Fossils  of  shallow  water  organisms  are  abundant  in  the  Tuwaiq  Mountain 
Limestone;  those  associated  with  the  coral  biostrome  are  listed  in  Table  I. 

The  extensive  bioclastic  limestones  of  the  Tuwaiq  Mountain  Limestone  with  abundant  remains 
of  shallow  water  organisms  show  that  shoaling  of  the  sea  floor  persisted  throughout  the  deposition 
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table  1.  Shallow-water  fauna  associated  with  the  coral  biostrome  of  the  Upper  Tuwaiq  Mountain  Limestone 

in  Central  Saudi  Arabia 


Ammonites  (Enay  et  al.  1986) 

Pachyerymnoceras  sp..  Erymnoceras  doliforme  Roman. 

Nautiloids  (Tintant  1987) 

Paracenoceras  aff.  dilatation  Jeannet,  P.  aff.  dorsoexcavatum  (Parona  and  Bonar). 

Brachiopods  (Almeras  1987) 

Striithyris  somaliensis  Muir  Wood,  Thadiqithyris  thadiqiensis  Nazer,  Kutchirhynchia  indica  (d’Orbigny), 
Bihenithyris  weiri  Muir  Wood. 

Echinoids  (Kier  1972) 

Polycyphus  parvituberculatus  Kier,  Rhabdocidaris  mogharensis  Fourt,  Bothryopneustes  orientalis  Fourt, 
Pygurus  smelliei  Currie,  Pseudocidaris  aff.  choffati  (de  Loriol). 

Foraminifera  (Le  Nindre  et  al.  1987) 

Nautiloculina  oolitliica  Mohler,  Kurnubia  bramkampi  Redmond,  K.  palastiniensis  Henson,  K.  wellingsi 
Henson,  Trocholina  palastiniensis  Henson,  Steinekella  steinekei  Redmond,  Conicospirillina  basiliensis 
Mohler,  Everticyclammina  sp. 

Bivalves  (Le  Nindre  et  al.  1987) 

Protocardia  gr.  hillanum  (Sowerby),  Lopha  solitaria  (Sowerby),  Ceratomyopsis  cf.  arabica  Cox, 
Chlamys  nattheimensis  (de  Loriol),  C.  cf.  curvivarians  Dietr,  Inoperna  cf.  sowerbyana  (d’Orbigny), 
Modiolus  imbricatus  (Sowerby),  Pholadomya  lirata  (Sowerby),  P.  protei  Brongniart,  Mactromya 
cf.  crassa  Agassiz,  Pseudootrapezium  cf.  cardiformis  (Douville),  Acromytilus  somaliensis  Cox, 
A.  laitmairensis  (de  Loriol),  Mytilus  cf  jurensis  Roemer. 

Gastropods  (Le  Nindre  et  al.  1987)  • 

Discohelix  douvillei  Cossmann,  Globularia  hemisphaerica  (Roemer),  Nerinea  bruntrutana  (Thurmann), 
Cossmannea  cf.  tuberculata  (Defrance),  Ampullospira  sp.,  Aporrhais  sp.,  Pseudomeliana  sp., 
Harpogodes  sp.,  Bourguetia  sp.,  Trochus  sp.,  Vermetus  sp.,  Pietteia  sp. 


of  the  formation.  It  seems  that  this  slow  subsidence  of  the  sea  floor  did  not  provide  adequate  space 
for  the  build  up  of  a true  reefal  barrier  system  in  Central  Saudi  Arabia.  Although  the  Tuwaiq 
Mountain  Limestone  displays  varied  palaeoenvironments  (back  reefal,  sheltered  lagoonal,  outer 
lagoonal  and  reefal,  see  Enay  et  al.  1986),  its  main  characteristic  lies  in  the  coral  biostromal  deposits 
which  widely  transgress  the  margins  of  the  basin. 

A striking  feature  of  the  Tuwaiq  Mountain  Limestone  coral  fauna  is  that  a low  diversity  of  species 
(five  species)  persisted  throughout  the  development  of  the  formation.  This  low  diversity  coral  fauna 
is  the  result  of  interacting  factors  related  to  the  palaeobiogeography  and  the  palaeoenvironmental 
conditions  of  a very  shallow  platform.  Changes  of  palaeoenvironmental  conditions  on  a very 
shallow  platform  together  with  the  adaptation  of  fauna  to  this  very  shallow  platform 
palaeoenvironment  are  responsible  for  the  endemism  of  the  Jurassic  Arabian  fauna  as  a whole. 

The  endemism  of  the  Jurassic  Arabian  fauna,  and  more  widely  the  Jurassic  fauna  of  the  entire 
Middle  East,  is  well-known;  it  is  prominent  in  the  best  studied  fossil  groups  such  as  ammonites, 
foraminifers,  and  ostracods,  but  less  so  in  nautiloids  and  brachiopods  (Enay  1987).  Indeed,  the 
endemism  of  the  Arabian  fauna  has  been  used  as  a justification  by  Kier  (1972)  for  creating  new 
species  and  genera  of  echinoids. 
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AN  EARLY  RECORD  OF  PROBABLE  NOWAKIID 
TENTACULITOIDS  FROM  WALES 

by  S.  P.  TUNNICLIFF 


Abstract.  The  earliest  nowakiid  known  to  date,  from  the  Llandovery  Atavograptus  atavus  Zone  of  central 
Wales,  is  described  as  Nowakia  gwyensis  sp.  nov.  If  the  new  form  and  the  slightly  younger  Nowakia  brevis  are 
true  nowakiids,  the  origins  of  the  Dacryoconarida  must  now  be  sought  in  the  earliest  Silurian  or  older  deposits. 

Until  the  present,  the  oldest  known  nowakiid  tentaculitoid  was  Nowakia  brevis  Tunnicliflf  from 
the  type  locality  of  Monograptus  sedgwickii  (Portlock)  (Landovery,  M.  sedgwickii  Zone)  at  Pomeroy 
in  County  Tyrone  (TunniclifT  1983).  The  mode  of  life  and  significance  of  these  early  nowakiids  were 
discussed  briefly  by  Tunnicliflf  (1983),  but  the  history  of  the  nowakiids  before  this  occurrence  and 
after  it  until  the  Devonian  remained  unknown.  In  the  course  of  biostratigraphical  research  in 
support  of  geological  mapping  in  the  Rhayader  area  of  central  Wales,  further  older  forms  of 
nowakiid  type  have  now  been  collected. 

In  his  original  description  of  the  Atavograptus  atavus  Zone  (then  Monograptus  tenuis ),  H. 
Lapworth  (1900,  p.  78)  referred  to  a roadside  section  'on  the  east  side  of  the  Builth  road,  about  50 
yards  north  of  a small  stream  which  crosses  the  road’.  Although  he  did  not  specify  the  fauna 
collected  at  this  locality,  he  gave  a short  general  list  of  graptolites  from  the  A.  atavus  Zone : A.  atavus 
[as  M.  tenuis\,  Climacograptus  normalis  and  C.  rectangular  is.  There  is  no  record  of  any  other  fauna. 

The  British  Geological  Survey  (BGS)  collection  made  at  this  site,  now  identified  as  at  National 
Grid  Reference  (NCR)  SN  9799  6741,  consists  of  some  forty-two  small  slabs,  BGS  DJ  8832-8873, 
of  thinly  laminated,  anoxic,  hemipelagic  mudstone  showing  no  bioturbation.  The  collection 
contains  only  a small  number  of  graptolites  which  are  sufficiently  well  preserved  to  allow 
determination,  and  these  only  with  qualification  as  A.  cf.  atavus  and  C.  cf.  rectangularis.  Six  of  the 
slabs,  including  one  pair  of  counterparts,  do  however  bear  small  tentaculitoids  which  in  most 
respects  resemble  N.  brevis. 

This  record  extends  the  known  range  of  the  Order  Dacryoconarida  to  within  two  graptolite  zones 
of  the  Ordovician  Silurian  boundary,  some  seven  graptolite  zones  earlier  than  the  previous  earliest 
record.  The  origins  of  the  Dacryoconarida  must  now  be  sought  in  the  earliest  Silurian  or  older 
rocks. 

Thick-shelled  tentaculitoids  such  as  Tentaculites  anglicus  are  locally  abundant  in  the  mid-upper 
Ordovician.  Hurst  and  Hewitt  (1977)  considered  Tentaculites  anglicus  in  some  detail  and  concluded 
that  it  had  an  infaunal  benthic  mode  of  life.  This  would  suggest  the  need  for  a free-swimming  or 
planktonic  larval  stage  to  ensure  dispersal.  A planktonic  mode  of  life  has  been  suggested  for 
Nowakia  (Fisher  in  Moore  1962,  p.  W104;  Boucek  1964,  p.  37:  Lardeux  1969,  p.  90).  The 
undisturbed,  anoxic,  thinly  laminated  nature  of  the  sediments  in  the  present  specimens  almost 
certainly  precludes  a benthic  mode  of  life  or  the  possibility  that  the  shells  were  swept  in  after  death. 
It  is  here  tentatively  suggested  that  the  dacryoconarids  could  have  arisen  through  neotenous 
development  from  a Tentaculites  larval  stage  and  that  the  tear-drop  shaped  initial  stage  may  betray 
a planktonic  larval  origin.  The  degree  and  position  of  flexure  is  variable  and  would  suggest  that  the 
shell  retained  some  flexibility.  The  major  rings  would  provide  resistance  to  compression  while 
allowing  ‘articulation’.  We  might  draw  an  analogy  with  the  plastic  corrugated  flexible  pipes  used 
in  land  drainage.  The  animal  could  therefore  presumably  wriggle  and  may  not  have  been  entirely 
passive. 
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Tunnicliff  ( 1 983,  p.  851)  noted  the  coincidence  of  the  flourishing  of  the  nowakiids  and  the  decline 
of  the  monograptids  in  the  Devonian.  Assuming  a derivation  from  a tentaculitid  stock,  two 
possibilities  suggest  themselves  for  the  relationship  between  these  early  forms  and  the  Devonian 
nowakiids.  The  first  is  a direct  relationship  through  a monophyletic  group  ranging  from  the  late 
Ordovician  or  early  Silurian  to  the  Devonian.  The  second  depends  on  the  polyphyletic  derivation 
of  homeomorphic  forms  once  or  twice  in  the  Llandovery  and  at  least  once  in  the  Devonian.  In  the 
absence  of  comparable  forms  from  intervening  strata,  it  might  be  supposed  that  the  second 
alternative  is  the  more  probable.  However,  if  the  early  forms  were  true  nowakiids  and  not  simply 
early  homeomorphic  essays  into  the  nowakiid  mode  of  life,  then  it  would  seem  that  the  nowakiids 
and  the  monograptids  have  histories  which  start  at  much  the  same  time.  While  they  apparently 
shared  much  the  same  ecological  niche,  the  rapidly  evolving  monograptids  were  able  to  meet  each 
new  environmental  challenge  while  the  perhaps  conservative  dacryoconarids  continued  with  little 
change  and  as  a minor  component  of  the  fauna  until  the  decline  of  the  monograptids. 

SYSTEMATIC  PALAEONTOLOGY 

The  classification  used  in  the  Treatise  on  invertebrate  paleontology  Part  W (Moore  1962)  is  adopted  below  class 
level.  This  is  compatible  with  that  of  other  authors  (Boucek  1964:  Lardeux  1969;  Larsson  1979).  The  material 
cited  is  in  the  collections  of  the  British  Geological  Survey,  Keyworth  (BGS). 


Order  dacryoconarida  Fisher,  1962 
Family  nowakiidae  Boucek  and  Prantl,  1960 
Genus  nowakia  Gurich,  1896 

Nowakia  gwyensis  sp.  nov. 

Text-fig.  1 a-i. 

Derivation  of  name  : from  Afon  Gwy,  the  Welsh  for  the  nearby  River  Wye. 

Material , horizon  and  locality.  Holotype,  BGS  DJ  8837,  and  paratypes,  BGS  DJ  8838  & 8839  (counterparts) 
8847,  8848,  8864  (four  individuals  on  this  slab)  from  the  east  side  of  the  A470  trunk  road,  310  mm  at  88°  from 
Ddol  farmhouse,  Rhayader,  Powys.  (NGR:  SN  9799  6741.)  This  locality  is  within  the  type  area  of  the 
Atavograptus  atavus  Zone,  Llandovery,  Silurian,  and  is  part  of  the  outcrop  of  the  Ddol  Shales  of  H.  Lapworth 
(1900). 

Diagnosis : medium-sized  nowakiid  with  strong,  rounded  rings,  fine  transverse  striae  and  faint  or 
obscure  longitudinal  striae.  Growth  angle  initially  c.  35^10°,  reducing  to  16-17°. 

Description:  straight,  conical  shell  with  a thin  wall  (between  0 08  and  004  mm).  Initial  stage  probably  tear-drop 
shaped  (text-fig.  I b)  and  often  slighly  curved  away  from  the  main  axis  of  the  shell  (text-fig.  1 b,  d,  f).  The 
cross-section  was  probably  circular  in  life  although  some  slight  compactional  flattening  is  assumed  to  have 
occurred  in  the  present  specimens.  External  surface  marked  by  strong,  somewhat  rounded  rings:  4-6  per  mm 
proximally  reducing  to  3-5  per  mm  distally.  Fine  transverse  striae  present,  particularly  on  the  distal  surfaces 
of  the  major  rings:  between  1 and  2 per  0 1 mm.  An  indistinct  beading  of  some  rings  (text-fig.  1 a)  may  suggest 
the  presence  of  faint  longitudinal  striae. 

There  is  some  evidence  (text-fig.  1 b)  of  internal  septa  corresponding  approximately  with  the  major  rings.  The 
internal  surface  undulates  to  correspond  with  the  external  relief  (text-fig.  I b)  but  does  not  apparently  bear  the 
finer  ornament. 

Maximum  shell  length  seen  is  4-6  mm  (text-fig.  1 d),  while  the  length  of  the  juvenile  portion  is  about  0-7  mm. 
Maximum  width  seen  is  14  mm  (text-fig.  1b)  in  a specimen  with  a maximum  juvenile  width  of  0-56  mm. 
Juvenile  growth  angle,  c 35^t0°;  mature  growth  angle  much  less,  typically  16-17°. 

Discussion  : The  only  obvious  comparable  form  known  is  N.  brevis  which,  apart  from  having  more 
pronounced  longitudinal  ornament,  is  of  similar  size  and  appearance.  The  frequency  of  the  major 
rings  is  slightly  greater  in  the  Welsh  specimens,  both  proximally  and  distally,  while  the  finer 
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text-fig.  1.  Nowakia  gwyensis  sp.  nov.  a,  BGS  DJ  8864.  b,  BGS  DJ  8848.  c,  BGS  DJ  8837  (pars),  d,  Holotype. 
BGS  DJ  8837  (pars),  e,  BGS  DJ  8837  (pars),  f,  BGS  DJ  8839  (counterpart  of  fig.  1 1).  G,  BGS  DJ  8847.  h,  BGS 
DJ  8837  (pars),  i,  BGS  DJ  8838  (counterpart  of  fig.  1 f).  All  latex  casts  except  1 b which  is  a mould  and  is  lit 

from  bottom  right;  all  x 20. 


transverse  striae  appear  somewhat  coarser  than  in  N.  brevis.  The  juvenile  growth  angle  in  N.  brevis 
(c.  30°)  is  somewhat  less  than  the  35^10°  in  the  present  specimens  while  the  mature  angle  in  N.  brevis 
(20-25°)  is  rather  greater,  giving  a much  greater  maximum  width.  However,  it  must  be  observed  that 
both  width  and  measurable  angles  may  be  influenced  by  the  degree  and  style  of  compaction,  which 
is  greater  in  the  specimens  of  N.  brevis  seen. 

It  is  arguable  whether  Nowakia  is  the  appropriate  generic  assignment  for  either  N.  brevis  or 
N.  gwyensis  and  Professor  Lardeux  (pers.  comm.  1984)  who  has  examined  latex  casts  of  N.  brevis 
is  of  the  opinion  that  they  are  not  Nowakia.  However,  although  other  genera  are  available  (e.g. 
Paranowakia  Boucek  1964),  the  use  of  Nowakia  for  the  present  serves  to  draw  attention  to  the  clear 
similarity  which  these  early  forms  have  to  those  during  the  great  flowering  of  the  nowakiids  in  the 
Devonian. 
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MYELODACTYLID  CRINOIDS  FROM  THE 
SILURIAN  OF  THE  BRITISH  ISLES 

by  STEPHEN  K.  DONOVAN  Cltld  GEORGE  D.  SEVASTOPULO 


Abstract.  Crinoids  of  the  disparid  family  Myelodactylidae  are  distinctive  in  having  a bilaterally  symmetrical 
distal  column  which  was  coiled  in  life,  and  a slender  proxistele  that  is  doubly  recurved.  Seven  genera  of 
nryelodactylid  have  been  described.  Of  these,  Herpetocrinus  is  regarded  as  a junior  synonym  of  Myelodactylus. 
Six  species  of  myelodactylid  are  definitely  recognized  from  the  Silurian  of  Britain  and  Ireland:  Myelodactylus 
ammonis  (Bather),  Myelodactylus  fletcheri  (Salter),  Myelodactylus  parvispinifer  (Brower),  Myelodactylus 
hibernicus  sp.  nov.,  Myelodactylus  penkillensis  sp.  nov.,  and  Myelodactylus  sp.  A.  Myelodactylus  convolutus 
Hall  is  not  found  in  the  Wenlock  Limestone,  despite  reports  to  the  contrary.  Most  myelodactylids,  apart  from 
the  genus  Crinobrachiatus,  probably  lay  on  the  substrate  on  their  sides. 

Moore  and  Teichert  (1978)  diagnosed  all  families  of  Palaeozoic  crinoids,  except  one,  on  features 
of  the  crown,  with  plating  of  the  dorsal  cup  usually  being  regarded  as  the  most  important  character. 
The  single  exception  is  the  unusual  family  Myelodactylidae,  which  comprises  six  genera,  all  of  which 
possess  a distinctive,  bilaterally  symmetrical,  coiled  stem.  In  those  myelodactylid  genera  in  which 
the  proximal  portion  of  the  stem  is  known,  it  is  doubly  recurved.  These  features  of  the  stem  define 
the  family.  Stem  symmetry  is  an  important  character  because  the  crown  is  not  known  in  three  of 
the  six  myelodactylid  genera  that  we  recognize.  In  most  other  families,  characters  of  the  stem  are 
not  considered  as  reliable  criteria  for  distinguishing  different  genera. 

The  purpose  of  this  paper  is  to  discuss  the  taxonomy,  palaeoautecology  and  phylogeny  of  the 
myelodactylids,  and  to  describe  the  species  of  this  family  found  in  Britain  and  Ireland.  The 
terminology  used  follows  Moore,  Jeffords  and  Miller  (1968),  Webster  (1974),  and  Ubaghs  (1978). 
The  following  abbreviations  are  used  in  the  text:  AMNH,  American  Museum  of  Natural  History; 
BCM,  City  of  Bristol  Museum;  BGS,  British  Geological  Survey;  BM(NH),  British  Museum 
(Natural  History);  BU,  Birmingham  University  Museum;  RM,  Naturhistoriska  Riksmuseet, 
Sektionen  for  Paleozoologi,  Stockholm;  OUM,  Oxford  University  Museum;  RSM,  Royal  Scottish 
Museum,  Edinburgh;  SM,  Sedgwick  Museum,  Cambridge;  TCD,  Trinity  College,  Dublin. 


GENERA  OF  THE  MYELODACTYLIDAE 

The  type  genus  of  the  family  Myelodactylidae,  Myelodactylus , was  erected  by  James  Hall  in  1852 
(p.  191),  although  he  mistakenly  believed  that  he  was  describing  a crinoid  arm  rather  than  a stem. 
The  type  species  by  monotypy,  M.  convolutus , is  characterized  by  having  a long  pair  of  cirri,  formed 
of  long  slender  cirral  ossicles,  directed  inwardly  (‘inner’  and  ‘outer’  are  used  sensu  Willink  1980) 
from  each  columnal  (nodal)  of  the  dististele.  Ophiocrinus  Charlesworth  (Anon.  1865)  is  a junior 
synonym  of  Myelodactylus  (Moore  et  al.  1978,  p.  T552).  Salter  (1873,  p.  118)  did  not  accept  that 
Myelodactylus , ‘based  on  false  ideas’,  was  valid  and  proposed  the  new  name  Herpetocrinus  when 
he  described  the  species  H . fletcheri.  However,  as  Nicholson  and  Etheridge  (1880,  p.  332)  pointed 
out.  Hall’s  generic  name  is  not  invalidated  because  it  was  based  on  a misconception  of  the 
nature  of  the  fossil.  Nevertheless,  Bather  (1893,  p.  36)  rejected  Myelodactylus  and  maintained 
Herpetocrinus ; Foerste  (1919)  regarded  the  two  names  as  synonyms;  and  Springer  (1926 a,b) 
rejected  Herpetocrinus.  The  status  of  Herpetocrinus  is  discussed  below. 

Brachiocrinus  Hall  (Anon.  1858,  p.  278,  nomen  nudum ; Hall  1861,  pp.  118-119,  pi.  5,  figs.  5-7; 
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pi.  6,  figs.  1-3)  has  been  accepted  by  later  authors  as  a valid  myelodactylid  genus  (Moore  1962,  p. 
43;  Moore  et  al.  1978,  p.  T552),  even  though  only  the  distal  termination  of  the  column  is  known. 
The  stem  is  heteromorphic,  with  nodals  supporting  forward-pointing  cirri.  The  cirral  ossicles  are 
larger  than  the  columnals  of  the  associated  stem,  a unique  feature.  Hall  (1861,  pi.  6,  fig.  3 a) 
illustrated  a columnal  of  Brachiocrinus  in  section,  which  is  similar  to  that  of  M.  convolutus.  The 
column  has  a bulbous  termination. 

The  crown  of  the  coiled  genus  Eomyelodactylus  Foerste  (1919,  pp.  19-21,  pi.  1,  fig.  8;  pi.  2,  fig. 
3)  is  also  unknown,  but  the  figured  specimens  show  a constriction,  as  in  other  genera  in  this  family, 
in  the  transition  zone  between  the  stout  dististele  and  slender  proxistele.  Foerste  regarded 
Eomyelodactylus  as  a subgenus  of  Myelodactylus  (1919,  p.  19)  but  gave  it  generic  status  in  the  plate 
captions.  Its  column  is  pentameric  and  very  similar  to  that  of  Macnamaratylus  Bolton  (1970).  The 
latter  genus  is  cirriferous,  unlike  Eomyelodactylus , and  in  the  type  specimen  the  proxistele  and  a 
crown  with  five  rays  are  preserved.  The  cirri  are  composed  of  low  ossicles,  similar  to  those  of 
Myelodactylus  fietcheri  (Salter). 

Moore  (1962,  p.  43)  proposed  the  genus  Crinobrachiatus , based  on  the  unusual  species 
Myelodactylus  brachiatus  Hall.  Well-preserved  specimens  of  this  species  are  not  uncommon  in  the 
Rochester  Formation  (Wenlock)  of  New  York  and  Ontario  but  often  lack  a crown  (Springer  1926a, 
p.  18;  Eckert  and  Brett  1985).  Cirri  are  few  and  are  concentrated  in  the  distal  part  of  the  column. 
This  is  the  only  myelodactylid  genus  in  which  branching  cirri  are  known. 

The  oldest  known  myelodactylid,  Musicrinus  Donovan,  1985,  from  the  Ashgill  of  Sweden,  is 
based  on  dissociated  stem  material  only.  The  known  column  (dististele?)  lacks  cirri  and  is  composed 
of  holomeric  ossicles. 

TAXONOMIC  STATUS  OF  MYELODACTYLUS  AND  HERPETOC RINUS 

Moore  (1962,  p.  41)  proposed  the  following  criteria  for  distinguishing  between  Myelodactylus  and 
Herpetocrinus:  1 Myelodactylus  is  distinguished  from  Herpetocrinus ...  by  the  presence  of  five  rays 
(instead  of  four)  in  the  dorsal  cup  and  crown,  by  weak  development  or  lack  of  longitudinal  divisions 
of  distal  columnals,  and  notably  elongate,  rather  than  short,  beaded  cirrals’.  Moore  considered  the 
two  genera  to  be  separate,  even  though  Salter  (1873)  had  proposed  Herpetocrinus  as  a name  to 
replace  Myelodactylus. 

Although  the  dorsal  cup  of  myelodactylids  is  rarely  seen,  that  of  Myelodactylus  has  been  shown 
to  have  five  rays  (for  instance,  by  Springer  1926a,  pi.  6,  fig.  10).  In  Herpetocrinus  only  four  rays  have 
been  recognized.  Bather  (1893,  pi.  1,  fig.  38)  noted  this  feature  in  H.  fietcheri,  the  type  species. 
Springer  (1926a,  pi.  1,  fig.  12c)  illustrated  a four-rayed  cup  of  H.  fietcheri  but  referred  it  to 
Myelodactylus.  Ramsbottom  (1954,  p.  83)  concluded  that  this  four-rayed  specimen  was  abnormal, 
because  other  specimens  (which  cannot,  however,  be  viewed  from  every  angle)  appear  to  have  five 
rays.  We  agree  with  Ramsbottom  that  both  Herpetocrinus  and  Myelodactylus  have  five-rayed  cups. 
The  holotype  of  H.  fietcheri  (PI.  81,  fig.  7)  is  too  poorly  prepared  for  an  accurate  count  to  be  made 
of  the  number  of  rays  present.  However,  it  seems  probable  that  four  rays  are  exposed  with  a fifth 
concealed.  BU  Holcroft  Collection  509  (PI.  81,  figs.  1 and  2)  has  three  rays  exposed,  and  it  is  likely 
that  a further  two  rays  are  concealed.  If  only  a single  ray  is  hidden  it  would  have  to  be  very  broad. 
RM  Ec  8909  (specimen  k of  Bather  1893,  pi.  1,  figs.  36-49;  Moore  et  al.  1978,  fig.  345,  l,j,  k ),  from 
Gotland,  has  three  rays  exposed.  The  proxistele  of  the  stem  is  elliptical  in  section  and  there  are 
undoubtedly  two  rays,  or  a single  remarkably  broad  ray,  concealed.  From  this  accumulated 
evidence,  we  conclude  that  H.  fietcheri  Salter  does  indeed  have  five  rays  and  that  Herpetocrinus 
typically  has  five,  and  not  four,  rays. 

It  is  more  difficult  to  comment  on  Moore’s  second  criterion  for  separating  Herpetocrinus  and 
Myelodactylus.  In  small  specimens  of  H.  fietcheri,  such  as  the  holotype,  the  distal  stem  generally 
appears  holomeric,  that  is,  each  columnal  is  composed  of  a single  calcite  plate.  However,  in  a small 
H.  fietcheri  (BU  Holcroft  Collection  462),  a plurimere  from  the  outer  surface  of  the  dististele  is 
missing,  indicating  that  this  stem  is  undoubtedly  bimeric.  In  large  specimens,  such  as  RM  Ec  8904, 
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text-fig.  I . Bimerism  in  myelodactylid  stems. 
Schematic  diagram  of  section  through  the  stem  of 
Myelodactylus  fletcheri  (Salter),  based  on  RM  Ec 
8904,  8908  and  8909.  ‘Outer’  surface  ( sensu  Willink 
1980)  towards  the  top  of  the  page. 
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8908  and  8909  (all  from  Gotland),  the  dististele  (and,  where  preserved,  the  proxistele)  is 
undoubtedly  bimeric  (text-fig.  1),  with  a transverse  meric  suture  at  the  level  of  the  axial  canal 
separating  a smaller  ‘ outer  ’ plate  (sensu  Willink  1 980)  from  a larger  ‘ inner  ’ plate.  Good  articulation 
surfaces  between  meres  can  be  seen  on  RM  Ec  8909.  The  columns  of  almost  all  specimens  of 
Myelodactylus  that  we  have  examined  appear  to  be  holomeric,  but  none  of  them  has  been  thin 
sectioned.  However,  one  specimen  of  M.  ammonis  (BGS  PL  3684)  certainly  has  a bimeric  distal 
columnal  (PI.  80,  figs.  1 and  2).  The  incidence  of  bimeric  and  holomeric  coluntnals  in  myelodactylids 
requires  further  study,  particularly  of  thin  sections  and  polished  surfaces  of  columnals.  However, 
it  is  clear  that  there  is  no  consistent  difference  in  the  structure  of  the  column  in  Myelodactylus  and 
Herpetocrinus  fletcheri. 

Moore’s  third  criterion  was  based  on  the  shape  of  the  cirri.  There  is  no  doubt  that  the  cirri  of 
species  assigned  to  Myelodactylus  and  those  of  Herpetocrinus  fletcheri  differ  morphologically. 
Unfortunately,  Hall's  original  cirriferous  specimen  of  M.  convolutus  is  lost,  although  two  syntype 
pluricolumnals  (minus  cirri)  are  preserved  (AMNH  1708,  31370;  PI.  80,  fig.  10).  However,  it  is  clear 
from  various  specimens  and  published  figures  that  the  cirral  ossicles  of  Myelodactylus  are  slender, 
elongate,  perhaps  two  or  three  times  as  long  as  broad,  and  with  planar  or  slightly  concave  latera 
(text-fig.  2A).  In  contrast,  the  cirri  of  Herpetocrinus  fletcheri  are  generally  about  as  high  as  wide, 
‘bead-like’,  and  with  convex  latera  (text-fig.  2B).  Herpetocrinus  parvispinifer  Brower  and  the  new 
species  from  Lettershanbally,  County  Galway,  Ireland,  described  below,  each  have  cirral  ossicles 
(text-fig.  2C)  that  differ  from  those  of  both  Mycelodactylus  convolutus  and  Herpetocrinus  fletcheri. 
The  ossicles  are  truncated  cones,  the  ‘base’  of  the  cone  forming  the  distal  facet,  and  a plane  parallel 
to  the  base,  the  proximal  facet.  Each  ossicle  is  thus  broader  distally  than  proximally  and  is  about 
as  high  as  wide,  with  planar  latera. 

At  what  taxonomic  level  are  these  differences  in  shape  of  the  cirral  ossicles  important?  The 
myelodactylids  are  the  only  group  of  Palaeozoic  crinoids  for  which  the  morphology  of  the  cirrals 
has  been  claimed  to  be  a feature  of  major  significance.  On  the  other  hand,  one  could  counter  that 
the  cirri  of  Palaeozoic  crinoids  have  been  poorly  described  in  general,  so  that  the  variation  between 
taxa  (other  than  within  the  myelodactylids)  is  not  known.  Turning  to  post-Palaeozoic  crinoids,  it 
appears  that  cirral  ossicles  of  the  isocrinids  are  of  value  in  differentiating  between  species  (M.  J. 
Simms  pers.  comm.).  We  conclude  that  cirral  morphology  is  probably  not  a good  taxobase  to  use 
on  its  own  in  discriminating  genera  of  myelodactylids. 

It  seems,  therefore,  that  there  are  only  minor  differences  between  species  assigned  to 
Myelodactylus  and  those  that  have  been  assigned  to  Herpetocrinus.  We  thus  consider  Herpetocrinus 
to  be  a junior  synonym  of  Myelodactylus. 

PALAEOAUTECOLOGY 

The  first  restoration  of  a myelodactylid  in  life  position  was  the  original  figure  of  Herpetocrinus 
(Salter  1873,  p.  118).  This  shows  the  stem  recumbent  and  loosely  coiled  in  a planar  spiral.  The 


31-2 


692 


PALAEONTOLOGY,  VOLUME  32 


text-fig.  2.  Schematic  diagrams  of  short  lengths  of  cirri,  to  illustrate  morphology  of  differing  cirral  ossicle 
within  Myelodactylus.  a,  based  on  M.  convolutus  Hall;  b,  based  on  M.  fletcheri  (Salter);  c,  based  on  M. 

parvispinifer  (Brower). 


crown  is  held  vertically  aloft  in  the  centre  of  the  spiral  (there  is  no  indication  of  any  double 
recurvature  of  the  stem)  with  the  arms  arrayed  in  a cone  to  catch  falling  detritus.  The  cirri  are  also 
shown  held  aloft. 

Bather  ( 1893,  p.  45)  suggested  that  myelodactylids  may  have  been  mobile  nektonic  organisms  that 
used  their  cirri  to  grasp  corals.  Springer  (1926u,  p.  7)  also  considered  the  cirri  to  be  prehensile. 
Breimer  (1978,  p.  T340)  interpreted  the  coiled  myelodactylid  configuration  to  be  a resting  and 
hiding  position  for  the  crinoid  when  lying  on  the  sea  bottom.  During  ‘activity’,  the  stem  uncoiled, 
exposing  the  crown.  The  cirri  could  grasp  adjacent  objects  for  temporary  fixation,  could  be  used  to 
crawl  over  the  sea  floor  or  could  even  function  as  oars  for  short  swims. 

The  most  convincing  arguments  presented  to  date  for  the  life  habit  of  a myelodactylid  are  in 
Eckert  and  Brett’s  (1985)  restoration  of  Crinobrachiatus.  This  is  similar  to  an  independent 
reconstruction  by  S.K.D.  (text-fig.  3).  The  stem  is  supported  at  an  acute  angle  to  the  substrate  by 
the  branching  cirri.  The  cirri  are  shortest  distally,  that  is,  nearest  the  sea  floor,  and  become  longer 
proximally.  The  proximal  stem  may  be  enrolled  to  protect  the  crown  within  the  cage  of  cirri. 

Crinobrachiatus  is  unusual  amongst  the  myelodactylids  in  having  branched  cirri.  In  Myelodactylus 
the  cirri  are  unbranched  and  tend  to  be  of  approximately  equal  length  within  an  individual.  They 
also  tend  to  be  distributed  along  the  length  of  the  dististele,  whereas  in  Crinobrachiatus  they  are 
concentrated  in  the  distal  20%  of  the  column,  so  that  the  mesistele  is  non-cirriferous.  The  stem  of 
Myelodactylus  was  thus  not  adapted  for  a life  habit  similar  to  that  of  Crinobrachiatus. 

There  are  some  features  of  Myelodactylus  which  are  unusual  for  crinoids.  There  are  no  reports 
of  species  having  been  found  with  a distal  attachment.  The  distal  part  of  a stem  that  is  apparently 


DONOVAN  AND  SEVASTOPULO:  M YELODACTYLID  CRINOIDS 


693 


text-fig.  3.  Restoration  of  Crinobrachiatus  brachiatus  (Hall)  to  life  position.  Drawing  by  Mrs  Elaine  Cullen. 


attached  to  a shell  or  shells  (SM  A.  12610;  Wenlock  Limestone,  Dudley)  is  one  of  the  syntypes  of 
Myelodactylus  [Herpetocrinus]  fletcheri  (Salter,  1873)  but  it  is  doubtful  that  the  stem  is  that  of  a 
myelodactylid.  In  many  specimens,  the  stem  is  tapered  distally  (Springer  1926a;  PI.  81,  fig.  1),  a 
feature  also  seen  in  Crinobrachiatus , which  has,  however,  been  found  attached  to  a hard  substrate. 
In  Myelodactylus , the  cirri,  although  common,  are  directed  inwardly  and  are  clearly  not  adapted  to 
function  as  components  of  a cirriferous  runner.  Specimens  are  normally  found  more  (PI.  80,  figs. 
3-5)  or  less  (PI.  81,  figs.  I,  4,  7,  9)  enrolled.  The  cirri  usually  form  a dense  curtain  behind  which, 
because  of  the  coiled  column,  the  crown  was  concealed  (PI.  80,  figs.  3-5;  PI.  81,  figs.  2 and  6).  Some 
of  the  better-preserved  crowns  of  myelodactylids  have  been  exposed  by  removing  these  enclosing 
cirri.  The  crown,  where  found,  is  always  fully  developed,  with  relatively  long  arms.  Most  of  the 
previous  hypotheses  for  the  mode  of  life  of  myelodactylids  imply  that  the  stem  could  have  been 
actively  moved.  However,  the  stems  of  modern  crinoids  are  almost  certainly  incapable  of  active 
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movement  because  the  columnals  are  linked  by  ligaments  and  there  is  no  evidence  of  muscles 
(Grimmer  et  al.  1985).  Slender  contractile  fibres  have  been  detected  in  the  cirri  of  comatulids 
(Holland  and  Grimmer  1981)  and  of  the  stalked  Metacrinus  (Grimmer  et  al.  1985)  but  these  are  of 
minute  diameter  and  almost  certainly  of  minimal  mechanical  significance.  Thus,  there  is  no  support 
from  the  study  of  Recent  crinoids  for  the  intuitively  attractive  hypothesis  that  some  ancient  crinoids 
were  actively  able  to  move  their  columns.  In  the  myelodactylids,  in  particular,  Donovan  and 
Franzen-Bengtson  (1988)  could  find  no  signs  of  sites  of  muscle  attachment  on  dissociated  columnals 
from  Gotland.  We  therefore  believe  that  the  coiled  attitude  of  myelodactylids  was  their  life  position : 
the  animals  lay  on  their  sides  on  the  sea  floor.  The  enclosing  envelope  of  cirri  would  have  protected 
the  crown  from  the  sediment  below  and  against  predation  from  above,  and  the  stem  would  have 
encircled  the  crown  as  a sort  of  armoured  skirt. 

The  reason  for  the  double  recurvature  of  the  proxistele  now  becomes  clear.  If  the  stem  had  a 
simple  spiral  form,  the  crown  would  have  faced  into  the  centre  of  the  coil.  The  double  recurvature 
reorientated  the  crown  so  that  it  was  parallel  with  the  dististele  and  pointed  backwards  towards  the 
opening  of  the  envelope  at  the  distal  end  of  the  column,  where  the  stem  and  cirri  would  have 
enclosed  an  oblong  slot.  The  crinoid  would  have  fed  by  filtering  water  either  drawn  down  from  the 
opening  of  this  slot  and  expelled  through  the  cirri  or  vice  versa. 

The  advantages  of  this  concealed  mode  of  life  are  obvious.  The  cup,  and  consequently  the  bulk 
of  the  soft  tissues,  would  have  been  protected.  In  most  crinoids  the  stem  is  primarily  an  organ  of 
elevation  for  the  crown,  anchoring  the  whole  animal  to  the  substrate  by  the  holdfast.  In 
Myelodactylus  both  the  stem  and  cirri  (‘holdfast')  were  adapted  as  organs  of  protection  for  the 
crown.  However,  this  was  at  the  expense  of  having  an  elevated  feeding  position.  Myelodactylus  was 
thus  in  competition  with  other  benthonic  epifaunal  elements  such  as  brachiopods.  Unfortunately, 
there  were  no  myelodactylids  in  the  crinoid  faunas  from  the  Wenlock  Limestone  of  Dudley  which 
were  discussed  by  Watkins  and  Hurst  (1977).  The  relationship  of  Myelodactylus  to  the  other 
elements  of  the  Silurian  fauna  is  therefore  still  largely  unknown. 

PHYLOGENY 

Any  analysis  of  the  relationships  between  the  myelodactylid  genera  is  hampered  by  the  lack  of 
critical  information.  Crinobrachiatus  Moore  (Eckert  and  Brett  1985)  is  the  only  genus  which  has 
been  redescribed  recently  and  for  which  there  are  new  observations  on  the  crown.  Indeed,  the  crown 
is  unknown  in  Brachiocrinus,  Eomyelodactylus,  and  Musicrinus.  All  other  genera  are  now  recognized 
to  have  five-rayed  crowns. 

The  C-ray  radial  in  myelodactylids  has  generally  been  considered  to  be  compound  (Moore  et  al. 
1978,  p.  T551).  However,  Eckert  and  Brett  (1985)  have  shown  that  the  C-ray  aniradial  of 
Crinobrachiatus  is  undivided.  Macnamaratylus  (Bolton  1970,  pp.  64-65)  has  five  undivided  radials. 
Springer's  illustrations  of  the  cup  plating  of  Myelodactylus  (1926 a,  pi.  1,  fig-  12  c,  an  aberrant  four- 
rayed  specimen;  and  pi.  6,  fig.  1 c)  do  not  show  any  division  of  the  C-ray  radial.  The  latter  specimen 
shows  the  C-ray  radial  to  be  larger  than  the  B-  and  D-ray  radials,  which  in  turn  are  larger  than  the 
A-  and  E-ray  radials;  however,  there  is  no  suggestion  in  the  illustration  that  the  C-ray  radial  is 
compound.  Springer  (1926u,  p.  7)  considered  the  crown  of  myelodactylids  to  be  ' ...of  the  type  of 
the  Heterocrinidae;  without  compound  radials...  ’ and  certainly  we  have  been  unable  to  determine 
a divided  C-ray  radial  in  any  of  the  specimens  that  we  have  examined.  We  therefore  consider  the 
presence  of  a compound  C-ray  radial  plate  in  the  myelodactylids  as  unproven.  This  must  throw 
doubt  on  the  supposed  close  relationship  of  myelodactylids,  iocrinids  and  eustenocrinids. 

Where  known,  the  dorsal  cup  in  myelodactylids  seems  to  have  essentially  the  same  structure.  The 
arrangement  of  the  arms  and  anal  tube  is  poorly  known  and  will  be  of  little  use  in  taxonomy  until 
more  well  preserved  specimens  are  available.  Thus,  with  so  many  features  of  the  crown  poorly 
known,  or  not  known  at  all,  it  is  necessary  to  base  any  interpretation  of  the  relationships  between 
the  myelodactylid  taxa  on  the  features  of  the  stem  and  cirri.  This  was  regarded  as  acceptable  by 
Brower  (1975,  p.  649)  but  not  by  Eckert  and  Brett  (1985,  p.  4),  who  pointed  out  the  potential  pitfalls 
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of  including  myelodactylid-like  homeomorphs  within  this  family.  However,  although  a number  of 
other  crinoids  have  a bilateral  stem  symmetry  (for  example,  Camptocrinus  and  Ammonicrinus) 
which  is  loosely  similar  to  that  of  myelodactylids,  sufficient  differences  exist  to  make  the  recognition 
of  members  of  each  family  relatively  simple.  For  example,  compare  the  figures  of  myelodactylid 
stems  herein  with  those  of  Springer  (1926 a,  pi.  6,  fig.  6:  Ammonicrinus)  and  Willink  (1980,  text-fig. 
3 : Neocamptocrinus). 


morphies/autapomorphies  (1-6)  as  follows:  1,  stem  attains  bilateral  symmetry  and  becomes  coiled,  proxistele 
becomes  double  recurved;  2,  holomerism;  3,  development  of  cirri;  4,  fusion  of  pentameres;  5,  development  of 
branching  cirri  and  holomeric  dististele;  6,  hypertrophy  of  cirral  ossicles. 


Our  interpretation  of  the  phylogenetic  relationships  of  the  myelodactylid  genera  is  shown  in  text- 
fig.  4.  We  speculate  that  the  six  genera  that  we  recognize  form  a monophyletic  group,  defined  by 
the  following  synapomorphy  (synapomorphy  1 in  text-fig.  4):  a coiled  stem  with  bilaterally 
symmetrical  ossicles  in  the  dististele  and  a doubly  recurved  proximal  portion.  The  latter  character 
has  been  confirmed  only  in  Crinobrachiatus , Macnamaratylus  and  Myelodactylus,  but  can 
reasonably  be  inferred  in  Eomyelodactylus.  Musicrinus  is  known  only  from  dissociated  stem  ossicles 
and  Brachiocrinus  from  the  distal  part  of  the  stem.  The  following  characters  of  the  stem  offer  some 
prospect  of  resolving  the  relationships  within  the  family.  Three  genera  have  pentameric  stems: 
Crinobrachiatus , in  which  only  the  proxistele  was  reported  to  be  meric  by  Eckert  and  Brett  (1985), 
Eomyelodactylus  and  Macnamaratylus.  By  analogy  with  other  crinoids  (Sprinkle  1973;  Paul  and 
Smith  1984),  the  pentameric  stem  is  likely  to  be  a plesiomorphic  character  and  the  bimeric  and 
holomeric  stem,  apomorphic.  Two  genera,  Eomyelodactylus  and  Musicrinus  lack  cirri,  a 
plesiomorphic  character.  The  other  four  bear  cirri;  in  Brachiocrinus  the  cirral  ossicles  are 
hypertrophied,  an  autapomorphy ; and  in  Crinobrachiatus  the  cirri  are  branched,  also  an 
autapomorphy.  If  the  acquisition  of  cirri  is  regarded  as  a unique  synapomorphy  within  the 
myelodactylids  (synapomorphy  3 in  text-fig.  4),  then  the  holomeric  condition  may  have  been 
achieved  more  than  once  (in  Musicrinus  and  possibly  in  some  species  of  Myelodactylus).  Within  the 
genera  that  bear  cirri,  the  fusion  of  pentameres  is  regarded  as  a synapomorphy  (synapomorphy  4). 

The  known  stratigraphical  distribution  of  the  myelodactylid  genera  is  broadly  consistent  with  the 
relationships  depicted  in  text-fig.  4.  One  anomaly  is  that  Musicrinus , the  oldest  genus  (from  the 
Ashgill),  has  a holomeric  stem.  This  implies  that  the  oldest  myelodactylids  must  occur  earlier  in  the 
Ordovician.  Eomyelodactylus , whose  pentameric  stem  lacks  cirri,  is  known  only  from  the  early 
Llandovery  (probably  late  Rhuddanian  or  Aeronian)  of  Ohio,  USA  (Sevastopulo  et  al.  1989). 
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Macnamaratylus  occurs  in  the  late  Llandovery  (probably  Telychian)  of  Quebec,  Canada 
(stratigraphical  information  interpreted  from  Bolton  1970;  and  Berry  and  Boucot  1970). 
Crinobrachiatus  is  known  only  from  the  Wenlock  of  New  York,  LISA.  The  oldest  known 
Myelodactylus  is  M.  penkillensis  sp.  nov.  from  the  Fronian  or  early  Telychian  of  southern  Scotland. 
The  genus  certainly  ranges  into  the  Lower  Devonian  and  possibly  higher.  Brachiocrinus  is  known 
only  from  the  Lower  Devonian  of  New  York,  LISA. 

SYSTEMATIC  PALAEONTOLOGY 

Class  crinoidea  J.  S.  Miller,  1821 
Order  disparida  Moore  and  Laudon,  1943 
Family  myelodactylidae  S.  A.  Miller,  1883 

Diagnosis.  A family  of  disparid  crinoids  with  distinctive,  bilaterally  symmetrical  columns  which  are 
either  oval  (pentameric)  or  broadly  U-shaped  (holomeric  or  bimeric)  in  section.  Proxistele  much 
more  slender  than  the  dististele.  Stem  doubly  recurved  in  the  region  of  the  proxistele- dististele 
transition.  Cirri,  where  present,  adapted  for  attachment  or,  more  usually,  for  protection  of  the 
crown  in  coiled,  recumbent  forms.  Crown  monocyclic,  five-rayed,  all  radials  simple.  Anal  tube  long, 
arising  in  the  C-ray.  Arms  slender,  branching  isotomously  or  heterotomously. 

Remarks.  The  following  myelodactylid  species  have  previously  been  reported  from  the  Silurian  of 
Britain:  Myelodactylus  convolutus  Hall.  1852;  Myelodactylus  sp.  Nicholson  and  Etheridge,  1880; 
Myelodactylus  [ Herpetocrinus ] fletcheri  (Salter,  1873);  Myelodactylus  [Herpetocrinus]  ammonis 
(Bather,  1893);  and  Myelodactylus  [Herpetocrinus]  parvispinifer  (Brower,  1975). 

Genus  myelodactylus  Hall,  1852 

= Ophiocrinus  Charlesworth  nom.  nud.  (Anon.  1865) 

= Herpetocrinus  Salter,  1873,  p.  118  (Type  species  Herpetocrinus  fletcheri). 

Type  species.  Myelodactylus  convolutus  Hall,  1852,  p.  191,  by  the  subsequent  designation  of  Springer  ( 1926a, 

p.  8). 

Diagnosis.  A genus  of  myelodactylid  crinoid  with  numerous  unbranched  cirri  arising  from  the 
closely  spaced  nodals  of  the  proximal  portion  of  the  dististele.  Columnals  of  the  dististele  may  be 
holomeric  or  bimeric. 

Myelodactylus  convolutus  Hall,  1852 
Plate  80,  fig.  10 

1852  Myelodactylus  convolutus  sp.  nov..  Hall,  p.  191,  pi.  45,  figs.  5 and  6. 

1893  Herpetocrinus  convolutus  (Hall);  Bather,  p.  48,  pi.  2,  figs.  50-53. 

1926a  Myelodactylus  convolutus  Hall;  Springer,  pp.  8-10,  pi.  1,  figs.  1-8. 

19266  Myelodactylus  convolutus  Hall;  Springer,  p.  86,  pi.  27,  figs.  6-8. 

1930  Herpetocrinus  (Myelodactylus)  convolutus  (Hall);  Ehrenberg,  p.  322,  pi.  16,  fig.  1,  table  opposite 
p.  324. 

1943  Myelodactylus  convolutus  Hall;  Bassler  and  Moodey,  p.  568. 

1944  Myelodactylus  convolutus  Hall;  Moore  and  Laudon,  p.  143,  pi.  54,  fig.  26. 

1952  Myelodactylus  convolutus  Hall;  Moore  et  al.,  figs.  15a,  18-19. 

1954  Myelodactylus  convolutus  Hall;  Ramsbottom,  pp.  86,  87. 

1962  Myelodactylus  convolutus  Hall;  Moore,  p.  41,  pi.  4,  fig.  2. 

1971  Myelodactylus  convolutus  Hall;  Dubatolova,  p.  15. 

1978  Myelodactylus  convolutus  Hall;  Moore  et  a/.,  pp.  T55I,  T552,  fig.  344,  1 a-d. 

1988  Myelodactylus  convolutus  Hall;  Donovan  and  Franzen-Bengtson,  p.  70. 
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Remarks.  Springer  (1926  a,  pp.  8,  10)  reported  M.  convolutus  from  the  Wenlock  Limestone  of 
Dudley.  However,  Ramsbottom  (1954,  p.  87)  did  not  find  specimens  of  M.  convolutus  in  any  of  the 
major  British  collections.  At  our  request.  Dr  F.  J.  Collier  of  the  Smithsonian  Institution  examined 
Springer's  collection  and  could  find  no  specimens  of  M.  convolutus  from  Britain;  however, 
M.  fletcheri  and  M.  extensus  ( = M.  ammonis)  were  both  present. 

The  two  surviving  syntypes  of  M.  convolutus , AMNH  1708  and  31370  (PI.  80,  fig.  10),  were 
borrowed  for  comparison  with  the  British  material.  Cirri  are  not  preserved  on  either  pluricolumnal 
(but  see  Hall  1852,  pi.  45,  fig.  5).  Columnals  have  parallel  articular  facets  and  are  not  wedge-shaped. 
The  column  is  homeomorphic,  holomeric,  each  nodal  bearing  a pair  of  cirral  scars,  one  at  either 
side  of  the  inner  surface,  each  angled  slightly  away  from  the  depressed  central  groove.  Cirral  scars 
are  elongate  but  the  lumina  of  the  scars  are  circular.  This  is  outside  the  range  of  morphologies  noted 
for  British  myelodactylids.  We  therefore  confirm  Ramsbottom’s  earlier  observation  and  suggest 
that  Springer’s  original  identification  of  M.  convolutus  from  the  Wenlock  Limestone  was  erroneous. 


1mm  1mm1 

■ * 

text-fig.  5.  Myelodactylus  ammonis  (Bather,  1893).  A,  B,  BMNH  E356,  ‘var.  bijugicirrus ’.  A,  inner  surface 
showing  cirral  scars  and  heteromorphy  Nl;  b,  pluricolumnal  in  section;  c,  d,  ‘var.  alternicirrus ’ ; c,  inner 
surface;  d,  pluricolumnal  in  section.  Camera  lucida  drawings. 


Myelodactylus  ammonis  (Bather,  1893) 

Plate  80,  figs.  1-9,  11,  12;  text-fig.  5 

1893  Herpetocrinus  ammonis  sp.  nov.,  Bather,  p.  49,  pi.  2,  figs.  54—63. 

1922a  Herpetocrinus  ammonis  Bather;  Ehrenberg,  p.  188,  figs.  7,  14,  16. 

1926a  Myelodactylus  ammonis  (Bather);  Springer,  pp.  10-14,  pi.  2.  figs.  1-9. 

1926a  Myelodactylus  brevis  sp.  nov.,  Springer,  p.  10,  pi.  1,  figs.  9,  9a. 

1926a  Myelodactylus  extensus  sp.  nov.,  Springer,  pp.  14,  15,  pi.  3,  figs.  l-13a. 

19266  Myelodactylus  ammonis  (Bather);  Springer,  p.  86,  pi.  27,  figs  1-5 a. 

19266  Myelodactylus  brevis  Springer;  Springer,  p.  86,  pi.  27,  figs.  9 and  9a. 

19266  Myelodactylus  extensus  Springer;  p.  87,  pi.  27,  figs.  11-18. 

1926  Herpetocrinus  (Myelodactylus)  ammonis  Bather;  Ehrenberg,  p.  256,  fig.  3. 

1930  Herpetocrinus  (Myelodactylus)  ammonis  Bather;  Ehrenberg,  p.  322,  pi.  16,  fig.  5. 
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1943  Myelodactylus  ammonis  (Bather);  Bassler  and  Moodey,  p.  567. 

1954  Myelodactylus  ammonis  (Bather);  Ramsbottom,  pp.  84,  85,  pi.  16,  figs.  6-10. 

1968  Myelodactylus  ammonis  (Bather);  Moore  and  Jeffords,  pp.  32,  33,  pi.  1,  figs.  1 and  2. 

1978  Myelodactylus  ammonis  (Bather);  Ubaghs,  p.  T78,  fig.  57.2. 

1988  Myelodactylus  ammonis  (Bather);  Donovan  and  Franzen-Bengtson,  pp.  70-71. 

Material , localities  and  horizon.  The  majority  of  specimens  of  this  species  have  the  simple  locality  information 
‘Wenlock  Limestone,  Dudley’.  Specimens  that  come  from  different  localities  are  identified  in  the  following  list: 
OUM  Cl 7249,  C17254,  C17476  and  C18094  (all  from  Malvern  Tunnel,  Wenlock  Shale),  C18093  (Wenlock 
Limestone,  locality  unknown),  C18095  (Wenlock  Series,  locality  unknown);  BCM  Cc902  and  903  (Wenlock 
Series,  Malvern  Tunnel  tip  heap  at  Colwall  Station,  Herefordshire),  Cc906  to  910  (Wenlock  Limestone,  old 
quarries  at  Dormington  Wood,  a quarter  of  a mile  east  of  Wooton,  near  Woolhope,  Herefordshire;  NGR  SO 
598391),  Cc911  and  912  (Wenlock  Limestone,  quarry  290  yards  east  of  Pentaloe  Cottage,  Little  Hill,  near 
Woolhope,  Herefordshire);  BGS  PI  3684  (old  quarry,  100  yards  south  of  Brown  Works,  Canal  Bridge,  Daw 
End,  Walsall);  BGS  GSM91777,  91778  (Wenlock  Edge);  BU  Holcroft  Collection  376,  377,  379,  381,  384,  386; 
BU  Ketley  Collection  176;  BMNH  47827  (Upper  Shale  above  Wenlock  Limestone,  Dudley  Tunnel),  BMNH 
E70710,  70711  (Road  cutting  on  the  west  side  of  the  B4378  road  at  Farley,  about  2 km  north  of  Much 
Wenlock  and  about  200  m north  of  the  'Rock  House’  public  house  (NGR  SJ  632022),  Wenlock  Limestone), 
57434  (identification  uncertain)  El 326,  E1410a,  b,  E6336,  E6660  (Wenlock  Shale,  Ledbury),  E22562,  E22563, 
E22576,  E22583  (identification  uncertain),  E25584.  BMNH  E1326,  E14106,  E22562  and  E22563  are  syntypes 
for  M.  ammonis  ‘var.  bijugicirrus' ; E14  is  a syntype  for  M.  ammonis  ‘var.  alternicirrus' . The  ‘Upper  Shale 
above  the  Wenlock  Limestone,  Dudley  Tunnel’  could  be  the  Upper  Quarried  Limestone  (Watkins  and  Hurst 
1977,  fig.  2),  in  which  laterally  discontinuous  limestone  horizons  alternate  with  thin  marl  bands.  However,  it 
could  also  represent  the  overlying  Lower  Ludlow  Shales  (Cocks  et  al.  1971,  p.  115),  although  this  is  considered 
unlikely.  The  Malvern  Tunnel  and  Ledbury  localities  are  both  within  the  Malvern  Inlier  of  the  Welsh 
Borderland.  The  Wenlock  Shales  in  this  area  span  most  of  the  Wenlock  Series  (the  Cyrtograptus  murchisoni 
Subbiozone  to  the  early  Pristiograptus  ludensis  Biozone;  Ziegler  et  al.  1974,  fig.  1).  In  view  of  the  known 
occurrence  of  this  species  within  the  Wenlock  Limestone,  it  is  suggested  that  M.  ammonis  may  be  limited  to 
the  younger  part  of  the  Wenlock  Shale. 

Diagnosis.  A species  of  Myelodactylus  in  which  the  crown  is  concealed  by  closely  spaced,  elongate 
cirri.  The  dististele  is  composed  of  two  configurations  of  pluricolumnal : either  heteromorphic  Nl, 
with  each  nodal  bearing  a pair  of  cirri,  one  on  either  side  of  the  inner  surface;  or  homeomorphic, 
with  wedge-shaped  nodals  which  alternate  in  orientation  to  give  a zigzag  appearance  to  the  inner 
surface  and  which  bear  a single  cirral  scar  towards  the  wider  lateral  surface.  Cirral  scars  elongate 
parallel  to  the  plane  of  the  columnal.  Cirral  ossicles  elliptical  in  section  proximally,  becoming  more 
circular  distally;  longer  than  wide,  with  planar  to  slightly  concave  latera. 

Description  Crown:  not  seen.  In  Bather’s  type  specimen  (1893,  pi.  2,  fig.  54),  from  Gotland,  both  the  crown 
and  the  proxistele  are  concealed  by  cirri.  This  is  also  the  case  with  the  better  preserved  British  specimens. 


EXPLANATION  OF  PLATE  80 

Figs.  1-9,  1 1.  12.  Myelodactylus  ammonis  (Bather,  1893).  I and  2,  BGS  PI  3684.  1,  oblique  lateral  view,  x2-5. 

2,  view  of  articular  surface  of  most  distal  columnal,  demonstrating  the  meric  character  of  the  stem,  x 3-5. 

3,  6,  7,  BU  Holcroft  Collection  384.  3,  lateral  view  of  entire  specimen  showing  the  tight  enrolment  which 
conceals  the  crown,  x 2.  6,  view  of  the  outer  surface  of  the  enrolled  specimen,  showing  the  prominent  central 
groove,  x 3.  7,  enlargement  of  the  cirri  in  the  area  concealing  the  crown,  x 4-5.  4 and  8,  OUM  C18094.  4, 
lateral  view  of  entire  specimen,  x2-5.  8,  enlargement  of  the  cirri  and  part  of  the  column,  x 5.  5,  OUM 
C17254,  latera]  view  of  entire  specimen,  x2-25.  9,  BU  Holcroft  Collection  376,  'var.  bijugicirrus ’, 
enlargement  of  the  cirral  scars  on  one  side  of  the  specimen,  x 6.  1 1 and  12,  OUM  C18095.  1 1,  part  ol  the 
pluricolumnal  to  show  the  unusual  reverse  curvature  and  consistent  orientation  of  the  cirri,  x 3.  12,  detail 
of  the  cirri,  x 9. 

Fig.  10.  Myelodactylus  convolutus  Hall,  1852.  AMNH  31370,  syntype.  Articular  facet,  x 8. 

All  specimens  whitened  with  ammonium  chloride. 
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including  BU  Holcroft  Collection  377,  379,  381,  384  (PI.  1,  figs.  3 and  7),  BU  Ketley  Collection  176,  OUM 
Cl 7254  (PI.  80.  fig.  5),  C17476,  C18094  (PI.  80,  figs.  4 and  8),  BMNH  47827,  57434,  E6660,  E22576,  E22582 
and  E22583.  By  analogy  with  other  species  of  Myelodactylus , we  expect  that  the  crown  will  be  found  to  be  five- 
rayed.  Confirmation  and  further  comment  must  await  specimens  becoming  available  for  sectioning  and 
dissection. 

Dististele:  more  or  less  coiled  in  a planar  spiral  (PI.  80,  figs.  1-5),  either  terminating  in  a distal  taper 
(Springer’s  1926a,  p.  1 1)  or  elongate  and  extending  away  from  the  spiral  (Springer’s  M.  extensus  1926 a,  pi.  3; 
PI.  8(Cfig.  9 herein).  Lengths  of  stem  occasionally  show  a ’reverse’  curvature  with  respect  to  the  proximal  coil 
(PI.  80,  figs.  1 1 and  12).  Columnals  robust  and  holomeric  or  bimeric  (PI.  80,  figs.  1 and  2),  with  a broad  U- 
shaped  section  (text-fig.  5b, d).  Axial  canal  elliptical.  Column  either  ‘homeomorphic’  or  heteromorphic,  Nl. 
Both  forms  of  stem  may  be  found  in  the  same  column  (Bather  1893,  pi.  2,  fig.  59;  Springer  1926a,  p.  12;  see 
comments  below).  ‘Homeomorphic’  form  with  wedge-shaped  columnals,  the  ‘var.  alternicirrus'  of  Bather 
( 1 893 ; PI.  80,  fig.  9 and  text-fig.  c,  D herein).  Column  appears  regularly  homeomorphic  on  the  outer  surface  but 
nodals  wedge  alternately  to  ’left’  and  ‘right’  sides  on  the  inner  surface  to  produce  a zigzag  pattern  (text-fig. 
5c).  One  scar  per  nodal,  at  the  taller  side.  Cirral  scars  are  offset  and  arranged  in  two  columns  at  the  edges  of 
the  inner  surface.  The  heteromorphic  column  (text-fig.  5a.  b).  the  ‘var.  bijugicirrus ’ of  Bather  (1893).  has 
alternating  low  priminternodals  and  tall  nodals.  Each  nodal  bears  two  cirral  scars,  one  on  either  side  of  the 
inner  surface,  so  that  the  scars  are  arranged  in  two  columns  at  the  edges  of  the  inner  surface.  The  outer  surface 
of  the  column  may  be  slightly  ridged  (PI.  80,  fig.  4)  or  grooved  (PI.  80,  fig.  6).  Latera  unsculptured,  planar  or 
slightly  convex.  Cirral  scars  elliptical  with  elliptical  lumina  (PI.  80,  fig.  9;  text-fig  5 a).  Scars  and  cirral  ossicles 
articulate  synostosially.  Cirral  ossicles  elliptical  proximally,  becoming  circular  distally.  Ossicles  taller  than 
high,  with  planar  or  slightly  concave  latera.  Terminal  cirral  ossicles  conical.  The  double  row  of  cirri  are 
arranged  so  that  they  enclose  the  crown. 

Remarks.  Springer  (1926  a)  erected  two  species  of  Myelodactylus  which  we  consider  to  be 
synonymous  with  M.  ammonis.  M.  brevis  has  a short  column  and  was  based  on  a single  specimen. 
M.  extensus  has  a stem  whose  coil  is  open  distally,  extending  away  from  the  crown  region.  We  do 
not  consider  these  features  to  be  taxonomically  significant.  In  all  other  respects  Springer’s  specimens 
are  undoubtedly  M.  ammonis. 

Bather’s  varieties,  var.  alternicirrus  and  var.  bijugicirrus,  have  no  standing  in  taxonomy.  As 
pointed  out  by  Moore  and  Jeffords  (1968,  p.  32),  Bather  figured  a pluricolumnal  in  which  both 
‘varieties’  occur  in  the  same  stem  (1893,  pi.  2,  fig.  59).  The  terms  ‘alternicirrus’  and  ‘bijugicirrus’ 
are  regarded  as  descriptive  terms  useful  in  separating  the  two  column  morphologies  found  in  the 
xenomorphic  dististele.  The  precise  mutual  relationship  of  these  two  morphologies  within  the  stem 
is  unknown. 


Myelodactylus  fletcheri  (Salter,  1873) 

Plate  81 ; text-fig.  I 

1873  Herpetocrinus  fletcheri  sp.  nov.,  Salter,  p.  118. 

1878  Myelodactylus  heterocrinus ; Angelin,  p.  11,  pi.  10,  figs.  24  and  25. 

1880  Herpetocrinus  fletcheri  Salter;  Nicholson  and  Etheridge,  p.  332. 

1893  Herpetocrinus  fletcheri  Salter;  Bather,  p.  46,  pi.  1,  figs.  24-49. 

1922  a Herpetocrinus  fletcheri  Salter;  Ehrenberg,  p.  184,  figs.  1-5,  8. 

1922  b Herpetocrinus  fletcheri  Salter;  Ehrenberg,  p.  282,  fig.  13. 

1926a  Myelodactylus  fletcheri  (Salter);  Springer,  p.  569. 

19266  Myelodactylus  fletcheri  (Salter);  Springer,  p.  86,  pi.  27,  figs.  10  and  106. 

1926  Herpetocrinus  fletcheri  Salter;  Robertson,  p.  171. 

1943  Myelodactylus  fletcheri  (Salter);  Bassler  and  Moodey,  p.  569. 

1953  Myelodactylus  fletcheri  (Salter);  Ubaghs,  p.  730,  figs.  125-127. 

1954  Myelodactylus  fletcheri  (Salter);  Ramsbottom,  pp.  82,  83,  pi.  16,  figs.  12  and  13. 
1962  Herpetocrinus  fletcheri  Salter;  Moore,  p.  42,  pi.  4,  fig.  3. 

1964  Myelodactylus  fletcheri  (Salter);  Yakovlev,  p.  69,  fig.  106. 

1975  Herpetocrinus  fletcheri  Salter;  Brower,  p.  650. 

1978  Herpetocrinus  fletcheri  Salter;  Moore  et  al..  p.  T552,  fig.  345. 

1988  Herpetocrinus  fletcheri  Salter;  Donovan  and  Franzen-Bengtson,  p.  71. 


DONOVAN  AND  SEVASTOPULO:  MYELODACTYLID  CRINOIDS 


701 


Material,  localities  and  horizons.  As  with  M.  ammonis,  the  majority  of  specimens  have  the  simple  locality 
information  ‘Wenlock  Limestone,  Dudley’.  It  is  not  known  whether  the  type  is  from  the  famous  Wren’s  Nest 
or  from  one  of  the  other  localities  of  Wenlock  Limestone  at  Dudley.  Specimens  that  have  different  locality 
information  are  identified  in  the  following  list:  SM  A 12609,  the  holotype;  OUM  C83  (Wenlock  Limestone, 
Dudley?),  C17255,  C17475  (Wenlock  Shale,  Malvern  Tunnel);  BCM  Cc904  and  905  (Wenlock  Series,  Malvern 
Tunnel  tip  heap  at  Colwall  Station,  Herefordshire);  BU  Holcroft  Collection  380,  457,  462,  509,  551  (Sedgley), 
578;  BU  Ketley  Collection  181;  BMNH  47859,  57239,  E415,  E1067  (Wenlock  Limestone,  Dudley  Tunnel), 
E1327  (plaster  cast  of  the  holotype),  E5616,  E22571,  E22573  and  E22579.  The  Malvern  Tunnel  localities  are 
discussed  under  M.  ammonis. 

Diagnosis.  A species  of  Myelodactylus  with  very  slender,  elongate  arms  and  a prominent  anal  tube. 
The  column  is  usually  only  loosely  coiled  and  is  bimeric.  Cirri  arise  irregularly  proximally  but  occur 
in  pairs  on  every  nodal  distally.  Columnals  of  the  dististele  have  a ’cottage  loaf’  section. 

Description.  In  contrast  to  M.  ammonis,  the  crown  of  H.  fletcheri  is  often  well  exposed  (PI.  81,  figs.  1,  2,  4,  7). 
Unfortunately,  the  holotype  has  been  very  poorly  prepared,  presumably  by  Salter,  but  in  many  specimens  it 
is  well  preserved,  especially  BU  Holcroft  Collection  509  (PI.  81,  figs.  I and  2)  and  RM  Ec  8909  from  Gotland 
(Bather  1893,  pi.  1,  figs.  36-38).  However,  there  are  some  specimens  in  which  a well-preserved  column, 
retaining  the  proxistele,  still  showing  the  double  recurvature  of  the  stem  and  also  retaining  the  cirri,  no  longer 
has  the  crown  attached,  for  example,  OUM  C83,  C17255  (PI.  81,  figs.  6 and  9),  C17475  (PI.  81,  fig.  5),  BU 
Holcroft  Collection  380,  578,  and  from  Gotland  RM  Ec  8903  (Bather  1893,  pi.  1,  fig.  29). 

Crown : five-rayed,  or  four-rayed  in  some  aberrant  individuals  (Springer  1926a,  p.  10,  pi.  Lfigs.  \2a-c).  Cup 
monocyclic,  with  simple  radials  in  all  five  rays.  Latera  of  cup  unsculptured.  The  transverse  section  of  the  cup 
is  approximately  pentagonal,  becoming  elliptical  in  larger  specimens.  Anal  tube  supported  by  the  posterior  part 
of  the  C-ray  radial.  Five  rays,  one  supported  by  each  radial.  Arms  long,  slender,  non-pinnulate,  branching 
heterotomously. 

Stem:  xenomorphic,  divided  into  a short,  slender  proxistele  and  a more  elongate,  robust  dististele.  Stem 
doubly  recurved  proximally  in  the  region  of  the  proxistele-dististele  transition  (PI.  81,  figs.  1,  4,  5,  7,  9).  No 
distal  attachment  is  known.  The  proxistele  is  homeomorphic  (except  immediately  beneath  the  cup,  where  it  is 
heteromorphic,  Nl?)  and  non-cirriferous,  apparently  of  circular  cross-section  but  becoming  elliptical  in  the 
largest  specimens.  The  articulation  between  columnals  of  the  proxistele  is  symplectial.  The  proxistele  appears 
to  be  holomeric  in  most  British  specimens,  but  in  OUM  C17255  (PI.  81,  fig-  6)  a weak  bimeric  suture  is  present. 

The  coiling  of  the  stem  in  H.  fletcheri  is  much  looser  than  that  of  M.  ammonis.  In  some  specimens  the 
proxistele  is  in  contact  with  the  inner  surface  of  the  dististele  (PI.  81,  figs.  1 and  2),  whereas  in  others  there  is 
a perceptible  gap  between  the  two  (PI.  81,  figs.  4-7,  9).  The  development  of  cirri  is  also  weak  in  the  more 
proximal  part  of  the  dististele,  so  that  any  protection  that  they  may  have  given  the  crown  was  poorer  than  in 
M.  ammonis. 

Dististele  bilaterally  symmetrical  in  section,  with  a distinct  ‘cottage  loaf’  outline  (text-fig.  I).  Undoubtedly 
bimeric  in  large  specimens  but  possibly  holomeric  in  some  small  individuals  such  as  the  holotype.  Flexible  due 
to  synarthrial  articulation  and  capable  of  forming  loose  spirals,  but  often  preserved  with  long,  straight  sections 
in  the  more  distal  parts  of  the  stem  (PI.  81,  fig.  8).  Crenularium  marginal,  limited  to  the  outer  surface  only. 
Lumen  elliptical.  Homeomorphic,  with  nudinodals  predominating  more  proximally.  More  distal  part  of  the 
stem  bears  two  cirri  per  nodal,  one  on  either  side  of  the  inner  surface.  In  the  intervening  region  nodals  bear 
two,  one,  or  no,  cirri. 

Cirri  elongate,  unbranched,  composed  of  short,  barrel-like  cirral  ossicles  of  circular  section.  Latera  convex 
and  cirral  ossicles  generally  about  as  wide,  or  wider,  than  high.  Articulation  between  cirral  ossicles  synostosial, 
with  a central,  circular  axial  canal.  Cirri  are  generally  perpendicular  (PI.  81,  fig.  8)  or  nearly  perpendicular  (PI. 
81,  fig.  3)  to  the  column,  although  they  are  sometimes  preserved  depressed  towards  the  region  of  the  crown  (PI. 
81,  fig.  6). 

Remarks.  The  weak  proximal  coiling  of  H.  fletcheri  and  the  relatively  poor  proximal  development 
of  cirri  suggests  that  the  crown  of  this  species  was  not  so  completely  enclosed  in  life  as  those  of 
M.  ammonis  and  M.  convolutus.  The  crown  was  well  developed  and,  possibly  of  necessity,  the 
proximal  coil  was  more  open  than  in  M.  ammonis.  However,  we  have  not  seen  the  crown  in  the  latter 
species;  on  the  basis  of  the  external  morphology,  it  is  probable  that  it  was  generally  smaller  and 
simpler  than  that  of  H.  fletcheri. 
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The  absence  of  a crown  in  many  otherwise  well-preserved  specimens  of  M.  fletcheri  is  a 
phenomenon  similar  to  that  described  by  Springer  (1926a,  p.  18)  from  Crinobrachiatus  brachiatus 
(Hall).  In  a collection  of  thirty-four  otherwise  well-preserved  specimens  of  C.  brachiatus , only  one 
individual  had  a crown.  It  is  possible  that  in  Crinobrachiatus  the  crown  could  have  become 
disarticulated  and  the  ossicles  dispersed  during  a short  period  of  exposure  on  the  sea  floor  between 
death  and  burial  (see  discussion  of  the  biostratinomy  of  this  species  in  Eckert  and  Brett  1985,  pp. 
6-7).  However,  the  cirri  of  myelodactylids  probably  became  disarticulated  soon  after  death,  whereas 
many  pluricolumnals  remained  on  the  sea  floor  long  enough  to  become  encrusted  with  bryozoans. 
It  therefore  seems  unlikely  that  the  crown  could  have  become  totally  disarticulated  and  had  its 
ossicles  winnowed  away  while  the  stem  retained  many  relatively  complete  cirri.  Some  specimens  of 
M.  fletcheri  such  as  OUM  C17255  have  lost  the  crown  without  the  cirri  being  appreciably  disturbed 
(PI.  81,  figs.  6 and  9).  In  cases  like  this  it  is  more  likely  that  the  severance  between  stem  and  crown 
occurred  during  life,  by  autotomy,  as  in  Recent  crinoids. 

Meric  sutures  in  the  dististele  may  be  cryptic  and  often  impossible  to  detect  except  in  thin  section 
or  on  a polished  surface.  For  example,  BU  Holcroft  Collection  462  appears  to  have  a holomeric 
dististele  but  there  is  a prominent  groove  in  the  centre  of  the  outer  surface  which  appears  to  be  the 
result  of  a plurimere  becoming  dissociated. 

Myelodactylus  parvispinifer  (Brower,  1975) 

Plate  82,  fig.  2 

1975  Herpetocrinus  parvispinifer  sp.  nov.,  Brower,  pp.  649,  650,  pi.  73,  figs.  3 and  5. 

Material,  locality  and  horizon.  A holotype,  RSM  1897.32.285  (PI.  82,  fig.  2),  and  four  paratypes,  RSM 
1885.26.78c,  1 897.32.286,  1897.32.287  and  1897.32.288  (all  paratypes  have  a part  and  counterpart).  All  from 
the  Gutterford  Burn  Starfish  Bed,  Gutterford  Burn  Flagstones,  North  Esk  Inlier,  Pentland  Hills,  Scotland. 
Llandovery,  C6  (late  Telychian). 

Diagnosis.  A species  of  Myelodactylus  with  sparsely  developed  cirri  and  a very  open  proximal  coil 
(PI.  82,  fig.  2),  with  the  crown  relatively  exposed  and  the  more  distal  part  of  the  dististele  uncoiled. 
Cirral  ossicles  are  truncate  conical  in  shape. 

Remarks.  We  have  nothing  to  add  to  the  very  thorough  description  of  this  species  by  Brower  (1975, 
p.  650).  It  differs  from  M.  hibernicus  sp.  nov.  in  having  relatively  few  cirri  on  the  column.  The 
holotype  has  lost  its  crown  (unknown  in  this  species),  despite  the  perfection  of  the  preservation  of 
the  proximal  column.  This  is  similar  to  the  crown  loss  in  M.  fletcheri  and  Crinobrachiatus  brachiatus , 
discussed  above. 

Myelodactylus  hibernicus  sp.  nov. 

Plate  82,  figs.  1,  3,  4;  text-fig.  6 

Derivation  of  the  trivial  name.  From  the  Latin  Hibernia , Ireland. 

Material , locality  and  horizon.  A unique  holotype  specimen,  a crown  and  column  preserved  as  a mould  in 
sandstone  (TCD  17381).  The  specimen  label  reads  ‘Lettershanbally,  Maume’.  Mr  N.  Monaghan  of  the 


EXPLANATION  OF  PLATE  81 

Figs.  1-9.  Myelodactylus  fletcheri  (Salter,  1873).  1-3,  BU  Holcroft  Collection  509.  1,  complete  specimen,  x 2. 
2,  crown  (showing  three  rays)  partially  concealed  by  cirri,  x 4 5.  3,  cirri,  cirrus  scars  and  part  of  the  column, 
x 9.  4,  BU  Holcroft  Collection  457,  specimen  preserving  only  a single  cirrus,  x 2.  5,  OUM  Cl  7475,  detail 
of  the  proxistele-dististele  transition,  x 3-5.  6 and  9,  OUM  C17255.  6,  the  top  of  the  column  (the  crown  is 
missing),  with  protective,  downcurved  cirri  (curvature  of  cirri  probably  postmortem),  x 10.  9,  complete 
specimen,  x 2.  7 and  8,  SM  A 12609,  holotype.  7,  crown  and  proximal  part  of  the  stem,  x 2.  8,  part  of  the 
dististele  retaining  cirri,  x 5. 

All  specimens  whitened  with  ammonium  chloride. 
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text-fig.  6.  Myelodactylus  hibernicus  sp.  nov.,  holotype,  TCD  17381.  The  crown  and  proximal  region  of  the 
stem,  a,  camera  lucida  drawing  from  a latex  cast;  b,  restoration  of  the  same  (cirri  omitted).  Anal  tube  adjacent 

to  the  dististele. 


National  Museum  of  Ireland,  Dublin,  has  kindly  provided  the  following  information.  The  label  on  the 
specimen  of  Myelodactylus  identifies  it  as  having  been  part  of  the  Griffith  Collection.  Griffith  (1855)  showed 
two  asterisks  against  Lettershanbally,  Maam,  County  Galway  (Irish  Grid  Reference  L 965  537),  which 
indicates  that  there  were  two  collecting  localities  there.  The  lithostratigraphical  unit  which  crops  out  at  these 
localities  is  Griffith’s  Eb  division,  which  corresponds  to  the  Kilbride  Sandstone  Formation  of  Llandovery 
(Telychian)  age  (Piper  1972). 

Diagnosis.  A species  of  Myelodactylus  in  which  the  crown  and  proximal  stem  are  tightly  coiled  with 
cirri  closely  spaced,  concealing  the  crown,  the  more  distal  part  of  the  stem  being  straight  but  still 
cirriferous.  Cirral  ossicles  are  truncate  conical  in  shape. 

Description.  Crown:  the  dorsal  cup  is  concealed  (PI.  82,  figs.  1 and  3;  text-fig.  6),  but  was  small.  The  branches 
of  two  apinnulate  arms  are  poorly  preserved  (PI.  82,  fig.  3;  text-fig.  6 a).  The  anal  tube  is  preserved  adjacent 
to  the  inner  surface  of  the  dististele  and,  in  consequence,  the  two  arms  are  interpreted  as  being  the  D-  and  E- 
rays.  The  D-ray  arm  appears  to  branch  isotomously  twice;  the  E-ray  arm  branches  heterotomously.  It  is 
difficult  to  discern  individual  ossicles  in  the  anal  tube,  but  they  appear  to  be  approximately  as  high  as  wide. 
They  are  not  shown  in  text-fig.  6. 

Stem : xenomorphic,  divided  into  a short  proxistele  and  a much  longer  dististele  (the  distal  termination  of  the 
column  is  not  seen).  The  proxistele  is  about  12  mm  long,  uncirriferous  and  homeomorphic,  composed  of  low, 
?circular  columnals  with  convex  latera.  It  is  seen  near  the  arms  but  not  attached  to  the  crown  or  the  dististele 
(text-fig.  9 a).  The  dististele  is  homeomorphic.  Columnals  are  bilaterally  symmetrical  with  a section  similar  to 
a 'cottage  loaf'.  Columnals  of  the  dististele  are  about  twice  the  diameter  of  those  in  the  proxistele.  Nodals  bear 


EXPLANATION  OF  PLATE  82 

Figs.  1 , 3,  4.  Myelodactylus  hibernicus  sp.  nov.  Silicone  rubber  cast  of  the  holotype,  TCD  17381 . I,  Crown  and 
stem,  x I -5.  3,  detail  of  the  crown,  showing,  from  right  to  left,  the  anal  tube,  and  arms  in  the  D and  E ray, 
x 4.  4,  Detail  of  the  cirri  attached  to  the  dististele,  x 4. 

Fig.  2 Myelodactylus  parvispinifer  (Brower).  Latex  rubber  cast  of  the  holotype  RSM  1897.32.285,  x 1. 

Both  specimens  whitened  with  ammonium  chloride. 
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text-fig.  7.  a-c.  Myelodactylus  penkillensis  sp.  nov.  a and  b,  outer  and  lateral  view  of  the  holotype,  BMNH 
E49931,  x2;  c,  lateral  view  of  paratype,  BMNH  E680106,  x2-5.  Both  specimens  whitened  with  ammonium 

chloride. 


text-fig.  8.  Myelodactylus  penkillensis  sp.  nov.  Camera  lucida  drawings  of  four  loose  fragments  of  paratype 
BMNH  E49930.  a and  b,  d and  e,  represent  the  ends  of  two  pluricolumnals,  respectively;  c and  f,  each 
represent  an  end  from  two  further  pluricolumnals.  All  fractured  surfaces. 
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a pair  of  cirri,  one  at  each  edge  of  the  inner  surface,  angled  slightly  away  from  the  mid-line  of  the  column. 
Nodal  latera  are  convex.  About  120  mm  of  the  dististele  is  preserved.  The  articular  facets  are  not  visible. 

Cirri  arise  in  pairs  from  each  nodal  of  the  dististele.  Cirri  unbranched,  slender,  circular  in  section  and 
composed  of  cirral  ossicles  which  are  slightly  higher  than  wide.  Cirral  ossicles  slightly  conical  with  a truncated 
apex,  tapering  towards  the  proximal  end.  No  distal  termination  of  a cirrus  is  seen.  Apparently  forty  or  more 
cirral  ossicles  per  cirral.  The  facet  at  the  distal  end  of  each  cirral  ossicle  is  fringed  with  short  spines. 

Remarks.  The  truncate  conical  cirral  ossicles  serve  to  distinguish  this  species  from  all  other  described 
species  of  Myelodactylus  except  M.  parvispinifer.  The  latter  has  much  less  closely  spaced  cirri  along 
the  dististele  than  M.  hibernicus. 

Myelodactylus  penkillensis  sp.  nov. 

Text-figs.  7 and  8 

1880  Myelodactylus  sp.;  Nicholson  and  Etheridge,  pp.  330-334,  pi.  21,  figs  11  and  12. 

1954  Myelodactylus  sp.;  Ramsbottom  p.  87. 

Derivation  of  the  trivial  name.  After  the  type  locality. 

Material , localities  and  horizon.  A holotype  specimen,  BMNH  E49931  (text-fig.  7 a,  b),  plus  eight  paratypes; 
BMNE1  E49930  (external  mould  with  four  associated  fragments  of  column;  text-fig.  8),  E49932,  E49933, 
E68009a,c  (not  counterparts),  E68010a,fi  (text-fig.  7c)  and  E68013.  All  are  pluricolumnals.  The  specimen 
labels  state  ‘Silurian  (Tipper  Llandovery).  Penkill,  Girvan,  Ayrshire’.  This  is  probably  the  locality  in  Penkill 
Burn  that  was  mentioned  by  Lapworth  (1882,  p.  648;  Ramsbottom  1954,  p.  87),  although  Nicholson  and 
Etheridge  (1880,  p.  332)  mentioned  two  localities,  ‘...the  grey  fossiliferous  mudstone  of  Penkill;  in  the  dark 
greenish-blue  mudstone  of  Balclatchie  ’.  Cocks  et  al.  ( 1 97 1 , fig.  2)  indicated  that  the  Penkill  Flags  of  the  Girvan 
district  correspond  approximately  to  the  turriculatus-crispus  graptolite  Biozones  (late  Fronian  to  early 
Telychian). 

Diagnosis.  A species  of  Myelodactylus  known  only  from  the  dististele.  The  column  has  a unique 
section,  similar  in  outline  to  a gothic  arch. 

Description.  Crown:  unknown. 

Dististele;  homeomorphic  and  curved  to  a lesser  or  greater  extent.  Columnals  low,  slightly  wedge-shaped, 
with  convex  latera.  Articular  facet  not  seen.  Axial  canal  appears  circular  in  outline  and  lies  in  the  plane  of 
symmetry  of  the  column  (text-fig.  8 a-e).  In  section  the  outer  surface  of  the  column  is  shaped  like  a gothic  arch, 
sometimes  with  a prominent  groove  on  either  side  of  the  angled  crest  (text-fig.  8 a,  b,  d-e),  which  becomes  more 
rounded  in  some  specimens  (text-fig.  8c).  The  inner  surface  of  all  columnals  is  more  gently  curved  than  the 
outer.  Each  nodal  bears  a pair  of  circular  cirral  scars  at  the  edges  of  the  inner  surface. 

Remarks.  By  analogy  with  other  species  of  myelodactylid  these  columnals  represent  part  of  the 
dististele.  Pluricolumnals  of  this  species  are  preserved  as  short,  curved  fragments,  sometimes 
semicircular  (text-fig.  7c)  but  never  coiled.  The  distinctive  columnal  section  differentiates  this 
species  from  other  British  and  Irish  myelodactylids. 

Myelodactylus  sp.  A 
Text-fig.  9 

Material , locality  and  horizon.  A single  specimen,  BCM  Cc913a,  fi,  preserved  as  part  and  counterpart  external 
moulds.  Collected  from  Beds  10-18,  Buckover  section,  near  Tortworth,  Gloucestershire:  Tortworth  Inlier. 
Wenlock  Series  (Curtis  and  Cave  1964). 

Description.  A homeomorphic  pluricolumnal  approximately  17  mm  long,  composed  of  thirty-three  columnals. 
There  are  slight  variations  in  columnal  height  but  all  are  nodals.  Sutures  between  columnals  slightly  curved. 
Latera  gently  convex.  Articular  facet  not  seen.  Columnals  probably  about  as  long  as  wide.  All  cirri  straight, 
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text-fig.  9.  Myelodactylus  sp.  A.  BCM  Cc913B.  Camera  lucida  drawing  of  a latex  cast. 


parallel  and  angled  to  the  long  axis  of  the  column.  Cirri  taper  towards  the  pointed  tip  and  are  short,  composed 
of  about  four  ossicles.  Cirral  ossicles  have  planar  latera.  Cirral  facets  cannot  be  seen. 

Remarks.  This  species  differs  from  M.  ammonis  in  having  a homeomorphic  column  composed  of 
columnals  with  parallel  articula,  rather  than  wedge-shaped  columnals  of  the  ‘var.  alternicirrus ’ 
type.  The  cirri  are  shorter  than  those  found  in  M.  convolutus  and  the  column  is  relatively  much 
narrower.  This  pluricolumnal  is  only  slightly  curved,  suggesting  that  it  was  not  part  of  the  tightly 
coiled  region  of  the  stem. 
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INTRASPECIFIC  VARIATION  AND  RELATIONSHIPS 
OF  SOME  LOWER  ORDOVICIAN  SPECIES  OF  THE 
DICHOGRAPTID,  CLONOGRAPTUS 

by  KRISTINA  LINDHOLM  and  JORG  MALETZ 


Abstract.  The  genus  Clonograptus  is  redefined  as  a form  genus  consisting  of  one  phylogenetically  based 
subgenus,  Clonograptus  s.s .,  and  additional  species  of  uncertain  relationships.  Clonograptus  is  transferred  from 
the  Anisograptidae  to  the  Dichograptidae,  since  bithecae  are  absent  along  the  stipes  in  the  type  species. 
Temnograptus,  Herrmannograptus , Anthograptus , and  ICalamograptus  are  considered  synonyms  of  Clono- 
graptus s.s.,  based  on  a large  fauna  of  'Temnograptus'  multiplex  that  shows  extreme  variation,  especially  in 
stipe  length.  This  variation  indicates  that  the  diagnostic  characters  of  these  genera  are  not  tenable.  It  also 
suggests  that  ‘stipe  order’  is  an  artificial  concept  in  clonograptids,  with  stipe  length  being  instead  an  expression 
of  functional  morphology.  The  C.  (C.)  multiplex  fauna  is  in  part  very  well  preserved  and  details  of  proximal 
morphology  are  described  from  relief  specimens.  A closely  related  but  slightly  older  species,  C.  (C.)  sp.  aff.  C. 
multiplex , exhibits  features  transitional  between  the  families  Anisograptidae  and  Dichograptidae,  necessitating 
a refinement  of  their  diagnoses.  In  Dichograptidae  we  allow  a sicular  bitheca,  and/or  stipes  with  a triad 
budding  mechanism  but  without  bithecae.  As  a consequence,  all  ‘clonograptids’  with  bithecae  along  the  stipes 
must  be  referred  to  another,  anisograptid,  genus.  The  morphology  and  preservation  of  clonograptids,  and  the 
resulting  constraints  on  the  use  of  statistical  methods,  are  extensively  discussed. 


The  original  description  by  Nicholson  (1868)  of  ‘ Dichograpsus ’ multiplex , from  the  Middle 
Skiddaw  Slates,  was  based  on  two  badly  preserved  specimens  that  showed  no  fine  details  of  the 
rhabdosome.  Recently,  more  than  100  specimens  of  Clonograptus  ( Clonograptus ) multiplex , some  of 
them  in  relief,  have  been  collected  from  Mount  Hunneberg  in  Vastergotland,  west-central  Sweden. 
The  strata  belong  to  the  post-Tremadoc  Hunneberg  substage,  as  defined  by  Tjernvik  (1956).  The 
fauna  shows  an  extreme  intraspecific  variation  and  irregularity  of  branching  intervals.  The  relatively 
small  number  of  specimens  available  to  earlier  authors  did  not  permit  an  overview  of  this  variation, 
and  hence  a number  of  specific  and  generic  names  have  been  introduced  (see  e.g.  Tdrnquist  1904; 
Monsen  1937),  as  well  as  such  informal  identifications  as  ‘undetermined  irregular  Dichograptidae’ 
(Tornquist  1904).  Measurements  on  the  material  at  hand  have  shown  no  discontinuities  in  any 
significant  parameters. 

In  addition  to  C.  multiplex , a number  of  closely  related  and  approximately  contemporaneous 
Clonograptus  species,  including  the  type  species,  are  described  (some  of  which  are  also  found  at  Mt. 
Hunneberg).  Clonograptus  s.s.  is  redefined,  and  is,  for  practical  reasons,  referred  to  as  a subgenus 
of  the  form  genus  Clonograptus  s.l .,  following  the  model  introduced  by  Cooper  and  Fortey  (1982) 
for  Tetragraptus  and  Didymograptus.  Clonograptus  s.s.  is  characterized  by  a combination  of 
proximal  development,  branching  pattern,  and  thecal  shape.  The  thecal  shape  is  constant 
throughout  the  rhabdosome,  and  no  bithecae  are  found  along  the  stipes.  Thus,  some  Tremadoc 
species,  and  forms  with  narrowing  of  the  stipes,  indicating  morphological  changes,  are  excluded 
from  the  subgenus,  as  are  provisionally  a number  of  species  whose  thecal  characters  are  not  known. 

Species  of  Clonograptus  s.s.  first  appear  in  the  uppermost  Tremadoc,  but  are  mostly  reported  to 
be  associated  with  Tetragraptus  approximatus.  Geographically  they  are  known  from  Canada  (e.g. 
J.  Hall  1858,  1865;  Kindle  and  Whittington  1958;  Jackson  1974),  the  USA  (e.g.  J.  Hall  1861 ; Berry 
1960;  Braithwaite  1976),  Argentina  (Acenolaza  et  al.  1976),  Australia  (e.g.  Pritchard  1895),  New 
Zealand  (Cooper  1979,  pi.  1,  fig.  f;  pi.  2,  fig.  f),  China  (Li  1983,  pi.  1,  fig.  1;  Xiao  1987,  pi.  2, 


| Palaeontology,  Vol.  32,  Part  4,  1989,  pp.  711-743,  pi.  83.| 


© The  Palaeontological  Association 


712 


PALAEONTOLOGY,  VOLUME  32 


fig.  1),  Spain  (Gutierrez  Marco  1986,  pi.  10,  figs.  1,  3,  6,  7),  France  (Thoral  1935),  Czechoslovakia 
(Kraft  and  Mergl  1979),  Great  Britain  (e.g.  Nicholson  1868;  Jackson  1979),  Greenland  (Bjerreskov 
and  Poulsen  1973),  and  Scandinavia  (e.g.  Herrmann  1882;  Tornquist  1904).  ' Clonograptus!', 
‘ Temnograptus' , and  ‘ Herrmannograptus ' have  also  been  reported  from  the  Lower  Arenig  of 
Poland  (Modlinski,  pers.  comm.).  In  addition,  a number  of  Clonograptus  s.l.  species  from  different 
regions  may  turn  out  to  belong  to  Clonograptus  s.s.  when  studied  in  detail. 

In  this  revision  the  suprageneric  taxonomy  of  Fortey  and  Cooper  (1986)  is  used,  in  slightly 
emended  form. 


MORPHOLOGY,  FUNCTION,  AND  PRESERVATION 

The  clonograptids  have  several  orders  of  branching  and  show  great  variation  between  specimens. 
Some  of  this  variation  is  obviously  due  more  to  preservation  than  original  morphology.  As 
preservational  variation  is  an  important  but  often  neglected  factor  in  graptolite  identification,  we 
have  chosen  here  to  stress  these  aspects. 

Morphology 

Due  to  the  shape  of  the  rhabdosome,  mature  specimens  of  Clonograptus  are  almost  invariably 
preserved  horizontally,  i.e.  in  dorso-ventral  view  with  thecal  apertures  pointing  upwards  or 
downwards,  thus  obscuring  important  characters  needed  for  specific,  and  also  higher  rank, 
distinctions  (e.g.  the  presence  or  absence  of  bithecae).  The  proximal  part  of  a graptolite  rhabdosome 
is  of  prime  phylogenetic  importance  (Cooper  and  Fortey  1982,  p.  181;  Fortey  and  Cooper  1986, 
table  1),  and  is  on  rare  occasions  seen  in  profile  view  in  immature  Clonograptus  specimens  with  a 
maximum  of  four  stipes  (cf.  PI.  83,  fig.  1).  Evidently  the  identity  of  such  a specimen  by  itself  might 
be  questioned;  could  it  not  be  a Tetragraptusl  For  this  reason  we  have  relied  on  specimens  from 
apparently  monotypical  associations,  consisting  of  rhabdosomes  of  different  sizes. 

According  to  Fortey  and  Cooper  (1986,  table  1)  the  next  most  phylogenetically  significant 
characters  of  the  rhabdosome  relate  to  the  branching  pattern,  such  as  distances  between 
dichotomies  and  angles  between  daughter  stipes.  In  many  multiramous  genera  the  position  of 
dichotomies  is  fixed,  or  nearly  so.  In  Clonograptus , however,  only  the  first  dichotomy  is  fixed  and 
the  second  one  is,  in  most  species,  consecutive.  The  following  dichotomies  are  unpredictable, 
although  the  average  stipe  length  is  to  some  extent  diagnostic. 

The  form  and  elaboration  of  non-proximal  thecae  was  assigned  the  least  phylogenetic  importance 
by  Cooper  and  Fortey  (1986).  In  Clonograptus  s.s.  the  thecae  are  simple  tubes,  possibly  slightly 
expanded  towards  the  aperture.  Morphological  changes  along  the  stipes  are  not  known  in 
Clonograptus  s.s.  Only  the  most  distal  two  or  three  thecae  were  apparently  growing  at  any  one  time, 
so  stipe  width  and  thecal  inclination  should  not  vary  between  immature  and  mature  specimens. 
Distal  Clonograptus  stipes  are  often  twisted,  presenting  a more  or  less  perfect  profile  view,  in  which 
case  the  number  of  thecae  in  10  mm  can  be  counted.  A full  profile  view  is  needed  for  the  correct 
measurement  of  other  thecal  parameters.  However,  details  are  often  obscured  by  the  addition  of 
cortical  tissue  in  mature  specimens.  The  amount  of  cortical  tissue  varies  considerably  between 
otherwise  very  similar  specimens,  and  we  do  not  regard  it  as  diagnostic  at  the  species  level. 

Forms  with  bithecae  were  treated  separately  by  Fortey  and  Cooper  (1986)  who  referred  them  to 
the  paraphyletic  family  Anisograptidae  within  the  Graptoloidea.  It  is  quite  possible  that  a sicular 
bitheca  and  other  primitive  traits  exist  in  some  species  of  Clonograptus  s.s.,  as  will  be  discussed 
below.  In  order  not  to  split  a natural  group  of  taxa  we  have  chosen  to  refer  such  forms  also  to  the 
Dichograptidae.  The  recognition  of  bithecae  in  graptolites  is  only  possible  in  high  relief  specimens, 
preferably  in  profile  view.  The  same  goes  for  the  remnants  of  triad  budding,  found  in  some  taxa  with 
a sicular  bitheca,  where  the  (auto)thecae  are  seen  to  alternate  (PI.  83,  fig.  7)  even  though  bithecae 
are  absent. 

Morphological  terms  used  in  this  paper  accord  mainly  with  Bulman  ( 1 970)  and  Cooper  and  Fortey 
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(1982,  1983).  We  use  first  dichotomy  for  the  one  giving  rise  to  the  two-stiped  stage,  ‘ trichotomy ’ for 
two  consecutive  dichotomies  in  a stipe,  and  ‘ quadrichotomy ’ for  three  consecutive  dichotomies  in 
a stipe.  Proximal  part , as  used  herein,  includes  first-  and  second-order  stipes.  The  sicular  bitheca 
originates  from  th  1 1 about  halfway  down  the  sicula;  it  is  aligned  with  the  sicula  on  its  obverse  side. 

Functional  morphology 

Branching  characteristics.  In  previous  descriptions  of  species  here  referred  to  Clonograptus  s.s.  it  is 
often  stated  that  the  angle  of  divergence  decreases  with  each  successive  dichotomy.  Our 
measurements  indicate  that  this  is  not  quite  true.  Untwisted  branches  of  any  Clonograptus  species 
described  below  never  show  an  initial  angle  of  divergence  less  than  45-50°.  To  avoid  overlap,  the 
stipes  may  curve  subsequently  to  adopt  a more  or  less  parallel  orientation.  The  reason  for  this 
minimum  angle  could  be  either  constructional  constraints  or  interference  in  feeding  between 
adjacent  zooids.  The  second  alternative  is  favoured  here,  since  the  distance  between  the  first  post- 
dichotomy pair  of  zooids  is  approximately  the  same  as  that  between  successive  zooids  (PI.  83, 
fig.  2). 

Another  interpretation  may  be  valid  for  the  higher  angles  of  divergence  found  at  the  second  and 
third  dichotomies,  usually  90-100°  and  60-80°  respectively.  The  combination  of  very  short  first- 
order  stipes  (i.e.  a tetragraptid  proximal  part)  and  a second  dichotomy  of  just  over  90°  produces 
approximately  equal  spacing  between  all  four  stipes  in  the  immature  rhabdosome.  This  pattern  of 
branching  may  result  from  a need  to  maintain  a balance  in  the  water  column. 

The  irregular  branching  intervals  in  Clonograptus  can  also  be  explained  as  a functional 
adaptation.  If  all  branches  divided  simultaneously,  the  resulting  localized  belt  of  overcrowding, 
would  have  diminished  the  feeding  area  for  individual  zooids  in  that  region.  Instead,  the  stipes  of 
a rhabdosome  are  fairly  evenly  spaced,  with  dichotomies  occurring  when  the  distance  between  two 
adjacent  stipes  becomes  unacceptably  great;  text-fig.  6a  illustrates  a good  example  of  this  note  the 
‘abnormally’  long  fourth-order  stipe,  which  has  obviously  suppressed  branching  in  order  not  to 
encroach  on  adjacent  branches.  This  regularity  of  inter-stipe  distances  is  seen  more  easily  in 
C.flexilis  than  in  C.  multiplex , since  the  variation  between  specimens  is  much  greater  in  the  latter. 
It  follows,  therefore,  that  the  order  of  a stipe  in  Clonograptus  is  an  artificial  concept,  with  branching 
position  being  a result  of  practical  needs  not  inherent  programming.  Similar  ideas  were  also 
proposed  by  Cooper  (1985)  for  C.  trochograptoides. 

Fortey  and  Bell  (1987)  compared  computer-generated  models  of  multiramous  graptolites  with 
real  colony  shapes.  They  concluded  that  the  factors  controlling  the  shape  of  biradiate  multiramous 
rhabdosomes  were  primarily  genetic,  but  that  inhibitory  action  between  adjacent  stipes  might  have 
suppressed  stipe  division  to  avoid  overcrowding.  Their  conclusion  as  to  why  this  suppression 
occurred  agrees  with  ours : the  optimal  use  of  food  resources.  They  also  suggested  ( 1 987,  p.  1 6)  that 
responses  to  the  ‘apparent  awareness  of  neighbouring  stipes’,  which  made  distal  stipes  curve  to  keep 
an  even  distance  between  themselves,  could  have  been  either  ‘coordinated  by  way  of  information 
transmitted  through  the  common  canal’  or  were  ‘a  direct  response  between  neighbouring  stipes’. 
We  agree  with  their  observation  that  crossing-over  stipes  are  very  rare,  and  that  this  indicates  an 
approximately  planar  rhabdosome.  The  ‘primary  genetic  programming’  suggested  by  Fortey  and 
Bell  (1987)  might  have  been  less  important  in  clonograptids  than  in  other  multiramous  forms;  see, 
for  example,  text-fig.  6 b with  its  two  very  differently  developed  lower  quadrants  that  were  obviously 
adjusted  to  each  other. 

Bithecae.  A sicular  bitheca  is  present  in  at  least  C.  milesi  and  probably  also  in  the  type  species.  The 
presence  of  a bithecal  individual  persists  after  the  general  disappearance  of  bithecae  along  the  stipes. 
Its  position  between  the  sicula  and  the  first  theca  could  be  used  as  an  argument  against  its 
reproductive  role  (Kirk  1969,  p.  291),  unless  the  sicular  individual  was  specialized  for  this  purpose, 
rather  than  the  thecal  zooids.  If,  on  the  other  hand,  the  sicular  individual  had  the  same  function  as 
all  thecal  zooids,  it  would  seem  more  probable  that  the  persistent  bithecal  individual  had  a function 
reminiscent  of  bryozoan  avicularia  or  echinoderm  pedicellariae,  i.e.  that  of  defence  and  removal  of 
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parasites  and  settling  larvae.  This  function  was  suggested  by  Kirk  (1973,  p.  5).  The  presence  of 
parasites  or  epibionts  would  be  most  injurious  to  a young  colony,  particularly  a floating  one. 

Preservation 

Graptolite  identification  is  often  hampered  by  the  different  modes  of  compaction  resulting  from 
a variation  of  physical  and  chemical  factors  in  the  environment  of  deposition.  One  chemical  factor 
is  the  content  of  carbonate.  A lime-mud  has  little  capacity  for  compaction,  due  to  early  cementation. 
Unless  highly  bituminous,  a limestone  also  suggests  an  oxygenated  environment,  and  a low 
sedimentation  rate  would  have  left  the  graptolites  exposed  on  the  sediment  surface  to  suffer  aerobic 
breakdown  of  their  scleroproteinaceous  skeletons  (cf.  Cooper  and  Fortey  1982,  p.  162).  A graptolite 
which  originally  settled  in  lime-mud  may  thus  now  be  three-dimensionally  preserved,  but  might  at 
the  same  time  show  a brittle  type  of  compaction.  The  types  of  deformation  resulting  from  varying 
brittleness  of  the  rhabdosome  were  studied  by  Williams  et  al.  (1982). 

Pyritization  of  graptolites,  another  diagenetic  process  that  leads  to  full  or  partial  three- 
dimensional  preservation,  was  dependent  on  chemical  factors.  Berner  (1984)  discussed  the 
environments  which  favour  the  production  of  pyrite.  Under  certain  conditions,  appreciable 
amounts  of  pyrite  can  form  in  oxidizing  as  well  as  reducing  environments.  In  the  former  case,  pyrite 
formation  is  favoured  by  a high  sedimentation  rate,  and  can  only  take  place  below  the  sediment 
surface;  in  the  latter  case,  a low  sedimentation  rate  is  favourable  and  pyrite  can  then  also  form 
synsedimentarily,  on  the  sediment  surface.  At  least  some  of  our  graptolites  from  Mt.  Hunneberg 
were  pyritized  under  oxidizing  conditions,  since  they  occur  in  a bioturbated  sediment.  This  indicates 
a rather  high  sedimentation  rate  for  the  Clonograptus- bearing  strata,  which  consist  of  virtually  non- 
calcareous  grey  to  black  shales.  The  darker  beds  are  coloured  by  finely  disseminated  pyrite. 
Pyritized  graptolites  in  bioturbated  silty  shales  have  also  been  found  at  Levis,  Quebec  (e.g.  text-fig. 
5a). 

The  physical  factors  which  most  influence  the  type  of  preservation  are  grain-size  and  water 
content  of  the  surface  layer.  A soft,  water-soaked  sediment  allows  vertical  burial  of  thecae  or  even 
of  whole  rhabdosomes.  The  quadriserial  phyllograptoids  are  good  indicators  of  this.  In  originally 
soft  sediments  most  rhabdosomes  take  up  a ‘ + ’-position,  with  their  axes  lying  along  the  sediment 
surface;  only  a very  soft  sediment  permitted  a ‘vertical’  orientation  to  survive.  On  a firmer 
substrate,  however,  only  the  ‘ x ’-position  was  stable.  Rex  (1986)  has  shown  that  sediment  grain-size 
strongly  influences  the  type  of  compaction.  A tube-like  fossil  compressed  in  a mud-grade  sediment 
increases  in  width,  whereas  burial  in  a sand-grade  sediment  will  result  in  a decrease  in  width, 
possibly  accompanied  by  the  crumpling  of  rigid  materials.  The  same  mechanism  might  explain  some 
of  the  differences  observed  between  C.flexilis  and  C.  rigidus.  According  to  J.  Hall  (1865,  pp.  103, 
105),  C.  rigidus  was  always  found  in  a coarser  lithology  than  C.  flexilis  and  usually  has  narrower 
stipes  than  the  latter,  a difference  which  may  be  in  part  preservational. 

There  have  been  various  opinions  expressed  regarding  the  change  in  dimensions  of  graptolites 
upon  compression.  Rickards  and  Palmer  (1977)  assumed  a marked  increase  in  width  in  flattened 
specimens,  whereas  Williams  et  al.  (1982)  and  Fortey  (1983)  found  no  significant  lateral  spreading. 
These  contrasting  results  can  partly  be  explained  by  the  fact  that  these  authors  have  studied 
graptolites  with  different  thecal  morphologies,  preserved  in  different  matrices. 

The  experiments  of  Williams  et  al.  were  conducted  in  an  embedding  medium  which  compacted 
to  55%  of  its  original  volume,  in  nature  corresponding  to  a limestone;  their  graptolites  were 
‘complicated’  uniserials  and  biserials  with  elaborate  thecae.  Such  graptolites  had  various 
strengthening  walls  in  different  directions  and  were  thus  likely  to  resist  deformation.  Any 
conclusions  regarding  the  compaction  of  these  forms  are  unlikely  to  be  representative  for 
dichograptids,  with  their  simple-tube  thecae  (like  our  clonograptids),  preserved  in  a shale  matrix 
that  may  have  been  compressed  to  10%  of  its  original  volume. 

Rickards  and  Palmer  (1977,  pp.  60-62)  discussed  uniserial  specimens  with  partly  straight  and 
partly  climacograptid  thecae,  preserved  in  a ‘muddy  siltstone’  (1977,  p.  66).  Their  reasoning  was  a 
theoretical  interpretation  of  details  seen  in  the  rhabdosomes,  and  they  concluded  that  in  graptolites 
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with  simple  thecae  the  interthecal  septum  was  bent  ventrally  upon  compression,  giving  a lateral 
spread.  The  details  discussed  are  often  seen  in  well-preserved  specimens  of  C.  multiplex  from 
Hunneberg,  as  well  as  in  other  dichograptids  we  have  studied. 

Fortey  (1983,  p.  123),  on  the  other  hand,  stated  that  for  several  species  from  the  early  Ordovician 
of  Spitsbergen  he  had  been  ‘unable  to  measure  any  difference  between  flattened  and  unflattened 
specimens’,  if  seen  in  profile  view.  Since  he  compared  flattened  and  isolated  material,  the  lithology 
probably  had  a high  carbonate  content. 


text-fig.  1.  Three  broken  stipe  fragments  of  Didymograptus  cf.  bifidus  from  black  shale  at  the  79-33— 79-38  m 
level  of  the  Krapperup  core,  north-west  Scania,  Sweden.  The  specimens  are  pyritized  with  preserved  periderm, 
and  the  cross-sections  (top  of  figure)  show  the  response  of  the  graptolite,  in  particular  the  interthecal  septa,  to 
compaction;  all  x 16.  A,  LO  60 1 6t,  a stipe  broken  9 mm  from  the  sicula.  Cross-section  shows  ventrally  bent 
interthecal  septum  in  the  mid-portion  of  the  theca.  The  stippled  outline  indicates  the  compressed  aperture  of 
the  previous  theca.  Note  the  difference  in  position  of  the  interthecal  suture  on  the  two  sides  of  the  stipe, 
indicating  some  rotation,  b,  LO  60 1 7 1 , a specimen  broken  fairly  proximally  (sicula  not  seen).  The  interthecal 
septum  is  disrupted  and  the  stipe  is  markedly  skewed,  c,  LO  60 1 8t,  a stipe  broken  13  mm  from  the  sicula.  The 
proximally  cut  interthecal  septum  is  intact,  whereas  the  septum  cut  at  mid-length  is  ventrally  flexed. 

To  test  our  ideas  we  looked  for  suitably  preserved  graptolites,  i.e.  pyritized  specimens  in  ‘full 
relief’,  with  periderm  and  embedded  in  shale.  No  Clonograptus  specimen  was  well  enough  preserved 
for  this  purpose.  Instead  we  examined  a slab  of  black  shale,  from  the  Scanian  Krapperup  core,  that 
contained  several  broken  specimens  of  Didymograptus  cf.  bifidus  from  the  Phyllograptus  densus 
zone.  All  specimens  had  two  features  in  common  (text-fig.  1):  (1),  the  middle  part  of  the  interthecal 
septum  was  ventrally  bent,  matching  the  observation  of  Rickards  and  Palmer  (1977);  and  (2),  the 
stipes  were  slightly  skewed  internally.  Specimens  in  perfect  profile  view  have  the  interthecal  septum 
parallel  to  the  compactional  force,  giving  maximum  resistance  to  compression.  The  observed 
rotation  could  have  occurred  when  the  interthecal  septum  yielded  to  the  stress.  The  ventralward 
bending  of  the  septum  probably  had  to  do  with  the  compression  pattern  of  the  free  distal  part  of 
the  theca.  This  was  the  part  that  first  gave  way  to  the  stress  and,  with  a rounded  ventral  wall,  it 
was  natural  for  the  ventral  curvature  to  be  accentuated.  Once  this  bending  began,  it  was  equally 
natural  for  the  tendency  to  progress  gradually  towards  the  proximal  part  of  the  theca. 

As  to  the  effects  of  flattening  in  our  clonograptids,  what  can  be  said  with  certainty  when 
comparing  flattened  and  full  relief  specimens  is  that  length  measurements  and  thecal  spacing  remain 
the  same,  whereas  width  measurements  and  angles  may  be  changed.  In  particular,  the  distal  parts 
of  simple  thecae  were  easily  affected  by  compression,  even  in  pyritized  specimens.  The  result  of  this 
compressionally  induced  ventral  expansion  would  have  been  to  increase  stipe  and  thecal  width,  and 
also  distal  thecal  inclination,  which  might  change  the  shape  of  a theca  from  straight  to  somewhat 
curved. 
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It  is  also  likely  that  how  the  specimen  came  to  rest  on  the  sea  bottom  (via  turbiditic  vs.  quiet  water 
descent)  and  the  presence  or  absence  of  a period  as  nekroplankton  would  have  influenced  the  final 
preservation  of  the  rhabdosome.  In  comparing,  for  example,  the  types  of  the  two  closely  related 
species  C.  rigidus  (which  is  mostly  preserved  ‘thecae  down')  and  C.  milesi  (which  shows  most  stipes 
in  profile  view),  the  latter  seems  to  have  had  far  more  flexible  thecae,  since  all  were  bent  in  the  same 
direction  (text-fig.  14)  - obviously  directly  related  to  descent  through  the  water  column.  This  does 
not  necessarily  mean  that  the  thecae  of  C.  rigidus  were  more  rigid ; perhaps  the  rhabdosome  spent 
some  time  as  nekroplankton,  partly  decaying  and  becoming  brittle,  before  falling  to  the  sea 
bottom.  To  our  knowledge  no  studies  have  been  made  of  this  problem. 

Deformation  of  a rhabdosome  could  have  been  caused  by  other  factors  operating  far  later  than 
the  time  of  deposition.  The  effects  of  tectonic  deformation  have  been  studied  by,  for  example. 
Cooper  (1970),  Jaeger  (1976),  and  Jenkins  (1980).  No  deformation  due  to  regional  metamorphism 
occurs  in  the  Hunneberg  graptolites,  but  some  deformation  is  present  in  the  types  of  C.  milesi. 

In  the  case  of  the  Hunneberg  localities,  the  effects  of  contact  metamorphism  must  also  be 
accounted  for.  All  of  Hunneberg  is  capped  by  a dolerite  sill,  in  places  60  m or  more  in  thickness. 
At  both  Mossebo  and  Diabasbrottet  the  dolerite  contact  lies  only  a few  metres  above  the 
Clonograptus- bearing  beds,  and  at  Diabasbrottet  there  is  another  0-5  m thick  sill  a few  metres  below 
them.  The  Mossebo  section  is  considerably  more  heat-affected.  In  the  baked  layers  all  flattened 
specimens  have  disappeared,  or  survive  only  as  faint  shadows  of  a slightly  darker  colour;  it  is 
generally  impossible  to  make  any  thecal  measurements  on  such  specimens.  The  pyritized  specimens 
are  preserved,  at  least  as  moulds,  but  distal  parts  of  thecae  are  often  missing  or  hard  to  detect,  since 
these  parts  are  mostly  imperfectly  pyritized.  A specimen  seen  in  profile  view  can  thus  appear  to  be 
thinner  and  have  less  thecal  overlap  than  is  actually  the  case.  On  the  other  hand,  a specimen  seen 
in  dorso-ventral  view  (like  most  of  the  clonograptids)  will  show  its  true  width. 

The  case  against  employing  statistical  analysis 

As  is  evident  from  the  above,  many  factors  were  able  to  deform  a complicated  rhabdosome  like  that 
of  a clonograptid.  We  have  not  employed  statistical  methods,  such  as  multivariate  analysis,  on  our 
material  (even  though  the  numbers  of  specimens  available  in  some  cases  is  adequate,  e.g.  150 
specimens  of  C.  multiplex ) because: 

(1)  Due  to  the  shape  of  the  rhabdosomes,  the  phylogenetically  important  features  (like  details  of 
proximal  development)  are  visible  only  in  very  few  specimens.  Even  the  thecae  are  rarely  seen  in 
profile  view,  since  this  would  require  twisted  stipes  (when  the  measurement  of  inter-stipe  angle  will 
not  be  correct ...). 

(2)  Where  thecae  are  visible,  their  shape  may  be  dependent  upon  preservation  and  tectonic 
deformation,  etc.  The  type  of  preservation  also  influences  measurements  of  all  types  of  angles. 

(3)  Some  very  important  characters  are  based  on  presence/absence  characters  rather  than 
measurement.  Such  characters  can  be  highly  dependent  on  preservation,  e.g.  bithecae. 

(4)  The  most  readily  observed  character,  namely  the  length  of  stipes  of  different  orders,  is  highly 
overlapping  between  different  Clonograptus  species  (including  those  described  herein).  Specimens 
with  cortical  thickening  occur  in  several  species  together  with  specimens  without  it. 

This  is  not  to  say  that  multivariate  analysis  or  other  types  of  statistical  treatment  are  always 
inappropriate  or  misleading  when  applied  to  graptolites;  indeed,  several  studies  (e.g.  Cooper  and 
Ni  1986)  have  produced  excellent  results.  Generally,  though,  the  results  will  be  better  for  specimens 
having  one  or  two  stipes  which  always  show  the  same  aspect,  rather  than  larger,  multi-stiped 
colonies.  Also,  a similarity  in  relief  between  the  specimens  is  important,  not  least  for  taxa  with 
simple  thecae. 


SYSTEMATIC  PALAEONTOLOGY 

Repositories  of  specimens.  Abbreviations  used  are  as  follows:  AMNH,  American  Museum  of  Natural  History, 
New  York,  USA;  BMNH,  British  Museum  (Natural  History),  London,  Great  Britain;  GSC,  Geological 
Survey  of  Canada,  Ottawa,  Canada;  GSM,  British  Geological  Survey,  Nottingham,  Great  Britain;  LO  and 
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LR,  Department  of  Historical  Geology  and  Palaeontology,  Lund,  Sweden;  PMO,  Palaeontological  Museum, 
Oslo,  Norway;  RM,  National  Museum  of  Natural  History,  Stockholm,  Sweden;  SGU,  Geological  Survey  of 
Sweden,  Uppsala,  Sweden;  SM,  Sedgwick  Museum,  Cambridge,  Great  Britain;  USNM,  United  States 
National  Museum,  Washington,  USA. 

Order  graptoloidea  Lapworth,  1875 

Diagnosis  (as  emended  by  Fortey  and  Cooper  1986).  Graptolites  in  which  the  nema  is  retained  in 
the  adult  stage. 

Discussion.  Fortey  and  Cooper  (1986)  extended  the  Graptoloidea  to  include  all  nematophorous  (i.e. 
planktic)  graptolites,  regardless  of  possession  of  bithecae,  with  the  aim  of  defining  a monophyletic 
order.  Their  diagnosis  is  based  on  the  assumption  that  the  planktic  state  was  reached  only  once, 
whereas  bithecae  may  have  been  lost  independently  in  different  lineages. 

Suborder  dichograptina  Lapworth,  1873 

Diagnosis  (as  emended  by  Fortey  and  Cooper  1986,  and  herein).  Graptoloids  lacking  bithecae  along 
the  stipes,  and  without  a virgella. 

Discussion.  Dichograptina  includes  all  non-virgellate  graptoloids  except  the  Anisograptidae.  The 
present  emendation,  '...bithecae  along  the  stipes...',  serves  to  refine  this  distinction,  since  the 
transition  from  an  anisograptid  structure  with  bithecae  at  all  possible  positions  to  a fully 
dichograptinid  structure  without  trace  of  triad  budding  was  a gradual  one.  We  allow  in 
Dichograptina  the  presence  of  a sicular  bitheca  and/or  stipes  showing  incomplete  triad  budding,  i.e. 
having  the  triad  budding  mechanism  but  lacking  bithecae  (see  PI.  83,  fig.  7). 

Taxa  in  our  own  collections  (Lindholm  1984)  indicate  that  this  transformation  took  place 
independently  along  different  lineages,  implying  that  however  the  boundary  with  the  Anisograptidae 
is  defined,  Dichograptina  will  not  be  a monophyletic  taxon.  Our  emendation  serves  two  purposes: 
first,  to  accommodate  C.  aff.  multiplex  along  with  C.  multiplex , since  these  obviously  form  part  of 
a lineage;  and  the  second  purpose  is  purely  practical  in  nature,  since  excellently  preserved  material 
is  needed  to  see  the  details  mentioned. 

Family  dichograptidae  Lapworth,  1873 

Diagnosis  (slightly  emended  from  Fortey  and  Cooper  1986).  Dichograptinids  lacking  isograptid 
symmetry,  number  of  orders  of  dichotomy  in  rhabdosome  not  limited;  lacking  prothecal  folds  and 
sigmagraptine  proximal  end. 

Discussion.  The  above  diagnosis  includes  Fortey  and  Cooper’s  (1986)  diagnoses  of  superfamily  and 
family,  which  both  have  to  be  fulfilled.  They  stated  that  the  number  of  orders  of  dichtomy  is  limited 
but  we  have  found  this  not  to  be  true  for  clonograptids. 

Many  taxa  included  in  this  family  are  imperfectly  known  and  their  phylogenetic  relationships  are 
still  tentative.  Bulman  (1955,  1970)  divided  the  Dichograptidae  into  several  'sections’  and  noted 
(1970,  p.  V104)  that  'No  satisfactory  subdivision... on  a formal  subfamilial  basis  is  yet  possible  and 
the  arbitrary  grouping  into  multiramous  and  pauciramous  genera,  further  tentatively  divided  into 
arbitrary  “sections”,  is  here  retained’. 

An  attempt  at  a formal  subdivision  was  made  by  Cooper  and  Fortey  (1982),  dividing  the  family 
into  Dichograptinae,  Sigmagraptinae,  and  Isograptinae.  The  latter  two  were  raised  to  family  rank 
by  Fortey  and  Cooper  (1986),  whereas  Dichograptinae  sensu  1982  was  divided  into  Dichograptinae 
and  Tetragraptinae,  provisionally  excluding  the  pendent  tetragraptids.  Williams  and  Stevens  (1988) 
enlarged  again  the  Dichograptinae  to  include  the  Tetragraptinae,  the  pendent  tetragraptids, 
Xiphograptus , and  Pseudotrigonograptus.  Dichograptinae  sensu  Fortey  and  Cooper  (1986)  includes 
most  multiramous  dichograptids  and  the  horizontal  tetragraptids. 
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Form  genus  clonograptus  Nicholson,  1873 
[ = Clonograptus  s.I.] 

Type  species.  Graptolithus  rigidus  J.  Hall,  1858,  subsequently  designated  by  Miller  (1889). 

Diagnosis  (emended  from  Bulman  1970).  Dichograptid  with  bilateral  rhabdosome  produced  by 
dichotomous  division  occurring  at  irregular  intervals;  second  dichotomy  in  most  species 
consecutive,  forming  a tetragraptid  proximal  part,  but  can  be  delayed  a few  thecae;  branches 
diverging  proximally-distally  diverging,  subparallel,  or  Hexuous;  thecal  shape  variable,  unknown 
in  many  species  assigned  to  the  genus;  central  disc  unknown,  secondary  development  of  cortical 
overgrowth  in  many  species,  particularly  in  proximal  parts. 

Discussion.  Bulman  (1950)  tentatively  included  Clonograptus  in  his  new  family  Anisograptidae 
because  bithecae  had  been  found  in  C.  tenellus  by  Stubblefield  (1929);  he  noted  (1950,  p.  68) 
‘possibly  Clonograptus  should  be  divided,  one  genus  to  be  included  in  the  Anisograptidae  while  the 
other  ( Clonograptus  proper)  remains  in  the  Dichograptidae ’.  He  decided  against  it,  since  the 
ancestors  of  the  latter  group  were  certain  to  have  had  bithecae.  Clonograptus  was  thus  referred  to 
the  Anisograptidae  in  the  Treatise  (Bulman  1955,  1970).  Clonograptus  has  since  then  been 
considerably  depleted.  The  C.  tenellus  group,  as  defined  by  Lin  (1981),  has  recently  been  removed 
from  the  genus,  to  be  included  within  the  anisograptid  Adelograptus  (Maletz  and  Erdtmann  1987). 
Another  group  has  been  removed  on  phylogenetic  grounds  and  is  referred  to  the  new  kinnegraptid 
genus  Par  adelograptus  (Erdtmann  et  al.  1987).  Par  adelograptus  also  includes  some  Australian 
species  with  distinctly  denticulate  thecae. 

Clonograptus  is,  for  practical  reasons,  kept  as  a form  genus  with  a phylogenetically  based 
nominate  subgenus  and  additional  poorly  known  species  of  uncertain  phylogenetic  relationships. 
The  genus  is  referred  to  the  Dichograptidae,  since  there  are  no  bithecae  along  the  stipes  in  the  type 
species.  Any  Clonograptus  species  that  (on  redescription)  is  proved  to  have  bithecae  along  the  stipes 
will  have  to  be  removed  from  the  genus  and  referred  to  an  anisograptid  genus. 

Two  additional  subgenera,  Neoclonograptus  and  Paraclonograptus  were  suggested  by  Zhao  and 
Zhang  (1985),  based  on  Tremadoc  material  from  northern  China.  The  former  taxon  has  bithecae, 
and  thus  is  not  a Clonograptus ; the  latter  was  not  described,  but  was  still  referred  to  as  ‘subgen. 
nov.  ’. 

We  have  not  attempted  a complete  revision  of  Clonograptus  s.I.,  and  in  this  paper  we  only  discuss 
species  likely  to  belong  to  Clonograptus  s.s.  It  could  be  assumed  that  taxa  included  in  Clonograptus 
s.I.  were  derived  from  biradiate  anisograptids  along  different  lineages,  but  their  ancestral  Tremadoc 
faunas  are  poorly  known.  Maletz’s  collections  of  Scandinavian  graptolites  from  the  Upper 
Tremadoc  Ceratopyge  Shale  show  a differentiation  of  thecal  morphology  prior  to  the  first  radiation 
of  non-bithecate  graptoloids. 


Subgenus  clonograptus  (clonograptus)  Nicholson,  1873 
[=  Clonograptus  s.s.;  Temnograptus  Nicholson,  1876;  Anthograptus  Tornquist,  1904;  Herrmannograptus 

Monsen,  1937;  ICalamograptus  Clark,  1924] 


Type  species.  As  for  genus. 

Diagnosis.  Dichograptid  with  bilateral  rhabdosome  produced  by  dichotomous  division  occurring  at 
irregular  intervals;  second  dichotomy  in  most  species  consecutive,  forming  a tetragraptid  proximal 
part,  but  can  be  delayed  a few  thecae;  branches  diverging  proximally-distally  diverging,  subparallel, 
or  flexuous;  thecae  straight  or  slightly  curved  simple  tubes,  overlapping  one-third  to  two-thirds  ot 
their  length;  proximal  development  isograptid,  dextral;  central  disc  unknown,  secondary 
development  of  cortical  overgrowth  in  many  species,  particularly  in  proximal  parts. 
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Discussion.  Clonograptus  s.s.  is  here  synonymized  with  Temnograptus , Herrmannograptus , 
Anthograptus , and,  with  some  doubt,  Calamograptus.  The  first  three  of  these  synonymies  are  further 
discussed  below,  under  C.  multiplex ; the  possible  synonymy  of  Calamograptus  is  discussed  below 
under  ‘other  species’. 

Holograptus  Holm,  1881,  Schizograptus  Nicholson,  1876,  and  Trochograptus  Holm,  1881,  are 
additional  multiramous  dichograptid  genera  that  possess  a tetragraptid  proximal  part  and  more  or 
less  irregular  branching  which,  however,  is  wholly  or  partly  lateral.  Cooper  and  Fortey  (1983) 
concluded  that  the  same  mechanism  operated  in  both  dichotomous  and  lateral  stipe  division.  A 
close  phylogenetic  relationship  could  thus  be  suspected  to  exist  between  these  genera  and 
Clonograptus , but  we  refrain  from  drawing  any  conclusions,  especially  since  Schizograptus  and 
Trochograptus , which  are  evidently  synonyms  (Spjeldnaes  1986),  were  adapted  for  a rotating  mode 
of  life,  in  contrast  to  Clonograptus. 

We  include  in  Clonograptus  s.s.  several  species  with  similar  thecal  morphology  and  rhabdosome 
development.  Species  included,  with  varying  degrees  of  certainty,  are  those  described  or  mentioned 
under  ‘other  species’  below.  We  have  not  been  able  to  trace  the  ancestors  of  Clonograptus  s.s. 


Clonograptus  ( Clonograptus ) rigidus  (J.  Hall,  1858) 


v 1858 
v 1865 
non  1899 
? 1935 
v non  1937 
? 1947 
? 1960 
1963 
non  1971 
? 1976 


Text-figs.  2c-e,  3,  4g-j,  5a 

Graptolithus  rigidus  n.  sp.  J.  Hall,  pp.  121-122. 

Graptolithus  rigidus  J.  Hall;  J.  Hall,  pp.  105-106,  pi.  1 1,  figs.  1-5. 
Clonograptus  rigidus  (J.  Hall);  T.  S.  Hall,  p.  170,  pi.  18,  tig.  22;  pi.  19,  fig.  21 
Clonograptus  rigidus  (J.  Hall);  Benson  and  Keble,  p.  271,  pi.  32,  fig.  2. 
Clonograptus  cf.  rigidus  (J.  Hall);  Monsen,  pp.  194-195,  pi.  14,  fig.  2. 
Clonograptus  rigidus  (J.  Hall);  Ruedemann,  pp.  281-282,  pi.  44,  figs.  10,  11. 
Clonograptus  rigidus  (J.  Hall);  Berry,  p.  48,  pi.  5,  fig.  10. 

Clonograptus  n.  sp.;  Ross  and  Berry,  p.  64,  pi.  2,  fig.  2. 

Clonograptus  rigidus  (J.  Hall);  Quilty,  p.  185,  text-fig.  4:4-5. 

Clonograptus  rigidus  (J.  Hall);  Acenolaza  et  al .,  p.  279,  pi.  1,  fig.  3. 


Type  material.  GSC  935a-d,  four  slabs  of  partly  turbiditic,  rather  coarse,  dark  grey  shale  containing,  in 
addition  to  the  illustrated  types,  thirteen  specimens  of  different  sizes  with  proximal  part  preserved.  The 
descriptions  and  illustrations  of  James  Hall  were  of  rather  atypical  specimens  (see  below),  but,  since  the 
lectotype  has  to  be  chosen  from  the  originally  illustrated  material,  we  choose  GSC  935b  (J.  Hall  1865,  pi.  11, 
fig.  1)  (text-fig.  2d  herein).  We  have  chosen  this  specimen  instead  of  the  larger  specimen  illustrated  as  text-fig. 
2c  because  most  specimens  attain  neither  its  dimensions  nor  a similar  amount  of  cortical  overgrowth. 


Other  material.  Six  specimens  with  preserved  proximal  part  from  the  south-west  end  of  Orleans  Island,  Quebec 
(USNM  23799);  forty-seven  specimens  with  preserved  proximal  part  and  two  to  five  orders  of  stipes,  found 
by  Maletz  in  dark  grey,  often  bioturbated,  silty  shales  at  loc.  N of  Clark  (1924),  Levis,  Quebec;  the  illustrated 
specimens  are  GSC  94896-94908  (the  others  have  not  yet  received  numbers  but  will  be  deposited  at  the  GSC). 
The  species  was  also  found  by  Maletz  at  loc.  G,  Levis,  where  it  ranges  slightly  lower  than  C.flexilis.  The  ranges 
of  both  species  do  not  overlap.  C.  flexilis  was  not  found  at  loc.  N,  where  the  higher  parts  of  the  section  are 
covered. 


Horizon.  The  level  of  J.  Hall's  types  and  the  USNM  material  is  unknown,  but  the  type  slab  (GSC  935b)  is 
associated  with  one  of  the  types  of  Dictyonema  murrayi  (J.  Hall  1865,  pi.  20,  fig.  7).  The  newly  collected 
topotype  material  from  loc.  N of  Clark  (1924)  comes  from  2-48-5-78  m above  the  ‘rusty  conglomerate’.  The 
specimens  are  associated  with  Araneograptusl  murrayi , a narrow-meshed  Dictyonema  (probably  rooted), 
T.  approximatus  group,  T.  sp.  aff.  T.  decipiens , and  T.  quadribrachiatus ’,  and  a so  far  unidentified  branching 
species,  found  only  as  stipe  fragments  about  1 5—2-0  mm  wide,  with  no  bithecae  but  with  possible  remnants  of 
a triad  budding  mechanism.  T.  approximatus  group  specimens  occur  with  the  lowermost  finds  of  C.  rigidus. 

Diagnosis.  A narrow-stiped  clonograptid  with  several  orders  of  stipes,  most  specimens  having 
somewhat  prolonged  first-order  stipes  and  mostly  stipes  of ‘rigid’  appearance  and  approximately 
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text-fig.  2.  a,  Clonograptus  ( Clonograptus ) flexilis  (J.  Hall,  1858),  GSC  965c,  the  lectotype,  from  Levis,  Quebec. 
B-G,  Clonograptus  (Clonograptus)  rigidus  (J.  Hall,  1858).  B D,  GSC  935a,  c,  and  b,  from  Levis,  Quebec; 
specimens  illustrated  by  J.  Hall  (1865),  with  d being  the  lectotype.  e,  GSC  935b,  specimen  with  long  first-order 
stipes,  associated  with  the  lectotype.  f,  G,  USNM  23799,  from  Orleans  Island,  Quebec;  compare  lengths  of  first- 

order  stipes  with  c. 
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text-fig.  3.  Clonograptus  ( Clonograptus ) rigidus  (J  Hall,  1858).  a h,  GSC  94896-94903,  from  loc.  N of  Clark 
(1924),  Levis,  Quebec,  5-58-566  m above  the  ‘rusty  conglomerate’;  collected  by  J.  Maletz.  All  specimens  were 

found  on  the  same  surface. 


text-fig.  4.  a-f,  Clonograptus  (Clonograptus)  milesi.  AMNH  433/1-7,  -3,  -5  -1  1,  -9,  -12,  six  immature 
specimens  associated  with  the  types,  from  Monkton,  Vermont,  d shows  a sicular  bitheca  and  e suggests 
isograptid  proximal  development,  a and  F show  the  variation  in  hrst-order  stipe  length.  G— J,  Clonograptus 
(Clonograptus)  rigidus  (J.  Hall,  1858),  from  loc.  N of  Clark  (1924),  Levis,  Quebec.  G,  GSC  94904,  94905,  from 
5-58  5-66  m above  the  top  of  the  ‘rusty  conglomerate’.  GSC  94905  has  a strongly  asymmetrical  proximal  part. 

Combination  of  counterparts,  h,  GSC  94906,  from  a loose  slab.  J,  GSC  94907,  from  same  level  as  G. 
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text-fig.  5.  a,  Clonograptus  ( Clonograptus ) rigidus  (J.  Hall,  1858),  GSC  94908,  loose  slab  from  loc.  N of  Clark 
(1924),  Levis,  Quebec;  collected  by  J.  Maletz.  Latex  cast  of  a specimen  partly  preserved  as  a high  relief  mould. 
The  arrows  point  at  the  parts  of  the  specimen  with  thecae  in  profile  view,  showing  the  lack  of  bithecae,  x 3-5. 
b,  Clonograptus  ( Clonograptus ) sp.  aff.  C.  (C.)  flexilis  (J.  Hall,  1858),  LO  6024t,  from  ‘ Mossebo ’,  north-west 

Hunneberg,  Sweden.  Latex  cast,  x 2. 

equal  thickness  throughout  the  rhabdosome.  Thecae  are  seldom  visible,  but  number  8-5-13  in 
10  mm.  There  are  no  bithecae  along  the  stipes.  Cortical  thickening  occurs  in  some  specimens. 

Description.  The  sicula  is  1-1-1 -4  mm  long  (text-fig.  4g— j),  but  no  specimen  preserves  details  of  proximal 
development.  One  juvenile  specimen,  associated  with  several  specimens  of  C.  rigidus  and  likely  to  belong  to  this 
species,  shows  a possible  sicular  bitheca.  The  thecae  are  straight  tubes,  sometimes  bearing  a short  ventralward 
extension  at  the  aperture,  with  the  apertures  approximately  at  right  angles  to  the  dorsal  margin  of  the 
rhabdosome,  if  seen  in  full  profile  view.  The  thecae  have  a rather  low  inclination,  about  15°  in  relief  specimens 
and  up  to  25°  when  completely  flattened.  Thecal  length  is  1-3-1  -7  mm,  thecal  width  c.  0-2  mm,  and  overlap  one 
half  or  less.  The  number  of  thecae  in  10  mm  is  quite  variable.  The  only  one  of  Hall’s  illustrated  specimens  (text- 
fig.  2 b)  that  shows  a profile  view  (8-5-9  thecae  in  10  mm)  is  unfortunately  only  a distal  stipe  fragment,  and  is 
thus  subject  to  some  doubt.  However,  it  is  associated  with  at  least  three  other  C.  rigidus  specimens  with 
proximal  part,  one  of  which  shows  a few  thecae  of  the  same  kind.  The  newly  collected  material  has  10-13  thecae 
in  10  mm,  but  these  specimens  are  of  smaller  dimensions  than  Hall’s  type,  indicating  a possible  reduction  in 
thecal  density  distalwards.  There  are  no  bithecae  along  the  stipes  (text-fig.  5 a). 

Stipe  width  in  profile  varies  from  045  to  0-55  mm  in  relief  specimens  to  0-7-0-9  mm  when  flattened;  the 
lateral  stipe  width  is  0-3-045  mm  in  specimens  without  noticeable  cortical  thickening,  and  up  to  just  over 
1 mm  in  mature  (gerontic?)  specimens  with  considerable  cortical  thickening  (text-fig.  2c,  F,  g). 

First-order  stipes  usually  consist  of  two  or  three  thecae.  Of  the  seventeen  specimens  with  proximal  part 
present  on  J.  Hall’s  type  slabs,  six  have  a tetragraptid  proximal  end,  three  apparently  have  two  thecae  per  first- 
order  stipe,  while  eight  have  longer  first-order  stipes  with  a combined  length  of  up  to  7 mm.  This  maximum 
length  coincides  with  that  of  the  other  two  collections,  but  neither  of  these  includes  any  specimens  with  a 
tetragraptid  proximal  part.  Among  the  forty-seven  newly  collected  specimens  the  combined  first-order  stipe 
length  was  3-7  mm,  distributed  as  follows:  1 +2  thecae  (three  specimens),  2 + 2 (six),  2 + 3 (sixteen),  3 + 3 01- 
more  (seventeen);  two  specimens  were  highly  asymmetrical  with  2 + 5 and  2 + 6 thecae  respectively;  and  finally 
three  specimens  were  incomplete  on  one  side,  having  3,  3,  and  4 thecae  on  the  other,  respectively. 

Second-order  stipes  are  c.  3 5—4-5  mm  long  (total  range  2-0-8-5  mm);  third-order  stipes  are  normally  4-8  mm 
long  (total  range  3-17-5  mm).  Specimens  with  up  to  eight  orders  of  stipes  are  known  (text-fig.  2c). 

Discussion.  C.  rigidus  is  the  type  species  of  Clonograptus  and  was  described  contemporaneously  with 
C.  flexilis  by  J.  Hall  (1858).  Since  then  there  has  been  much  debate  on  the  possible  conspecificity 
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of  the  two  species.  For  example,  Ruedemann  (1947)  and  Braithwaite  (1976)  more  or  less  explicitly 
considered  C.  rigidus  a gerontic  form  of  C.  flexilis.  Williams  et  al.  (1987,  p.  462)  suggested  ‘that  C. 
flexilis  and  C.  rigidus  may  be  synonymous,  representing  forms  with  little  and  heavy  cortical 
thickening,  respectively’.  We  have  found  no  difference  in  this  respect  between  the  two  species  - 
some  large  specimens  have  a thick  cortical  cover,  others  do  not.  Characteristics  separating  the  two 
species  are  on  the  average  longer  first-  to  third-order  stipes,  narrower  stipes,  more  densely  spaced 
thecae,  and  a shorter  sicula  in  C.  rigidus  as  compared  to  C.  flexilis.  Quite  often  the  lower-order  stipes 
of  C.  rigidus  are  comparatively  straight,  even  when  there  is  no  visible  cortical  thickening.  A large 
proportion  of  the  C.  rigidus  specimens  associated  with  Hall’s  illustrated  types  have  prolonged  first- 
order  stipes,  but  Hall  (1865)  only  illustrated  specimens  with  short  first-order  stipes  and  made  no 
mention  of  those  with  prolonged  first-order  stipes,  nor  did  he  assign  these  to  another  species.  It  has 
become  customary  to  associate  the  name  Clonograptus  with  a rhabdosome  possessing  a tetragraptid 
proximal  end,  yet  there  is  some  variation  within  and  between  different  Clonograptus  species:  C. 
rigidus  and  C.  milesi  have  a tendency  towards  prolongation,  whereas  C.  flexilis  and  C.  multiplex 
only  rarely  depart  from  the  tetragraptid  rule.  Still,  the  capacity  for  variation  seems  to  unite  the 
group,  and  we  see  no  reason  to  separate  these  clonograptids  into  different  subgenera,  based  on  first- 
order  stipe  length. 

Due  to  the  poor  preservation  of  the  type  material  there  has  been  much  uncertainty  as  to  the  true 
nature  of  this  species,  and  we  have  failed  to  find  any  unquestionable,  subsequently  published 
identifications.  In  North  America,  C.  rigidus  has  been  mentioned  from  Newfoundland  by  a number 
of  authors,  but  no  descriptions  appear  to  exist.  The  description  by  Ruedemann  (1947)  was  based 
on  topotype  material  but  a thecal  density  as  low  as  7-8  in  10  mm  is  mentioned.  C rigidus  figured 
by  Berry  (1960)  cannot  be  confirmed,  due  to  the  lack  of  details  seen  in  the  figure.  Clonograptus  n. 
sp.  figured  by  Ross  and  Berry  (1963,  pi.  2,  fig.  2)  might  be  conspecific  with  C.  rigidus  since  it  has 
prolonged  first-order  stipes,  and  the  shape  and  thecal  characteristics  are  not  incompatible  with  this 
species. 

Of  the  Australian  reports,  the  C.  rigidus  of  T.  S.  Hall  (1899)  was  probably  misidentified,  since  the 
thecae  are  said  to  be  curved.  C.  rigidus  of  Quilty  (1971)  is  obviously  an  older,  presumably 
anisograptid  form.  The  species  was  also  mentioned  from  New  Zealand  by  Benson  and  Keble  (1935); 
they  gave  no  description,  but  their  illustrated  specimen  shows  one  primary  stipe  of  two  thecae.  The 
branching  density  is  very  similar  to  that  of  C.  rigidus , but  the  stipes  appear  to  be  thinner  and  the 
thecal  characteristics  cannot  be  seen. 

C.  rigidus  has  also  been  reported  from  South  America  (Acenolaza  et  al.  1976),  but  the  thecal 
density  of  the  illustrated  specimen  appears  to  be  too  low  (there  is  some  doubt,  however,  about  the 
magnification  of  the  photo). 

Monsen’s  (1937)  C.  cf.  rigidus  from  Norway  is  a form  with  much  cortex,  showing  thecae  on  a 
distal  stipe.  These  have  very  little  overlap  and  expand  towards  the  aperture  (‘ tenellus  type’). 

C.  rigidus  was  also  reported  by  Bjerreskov  and  Poulsen  (1973)  from  northern  Greenland.  An 
examination  of  the  material  has  shown  it  to  be  another  species,  not  corresponding  to  any  named 
species  we  know  of.  Its  dimensions  are  slightly  smaller  than  those  of  C.  rigidus.  The  most  mature 
specimen  has  a considerable  overgrowth  of  cortex.  Bithecae  were  not  seen,  so  it  is  possible  that  the 
species  belongs  to  Clonograptus  s.s.  Its  age  is  within  the  Lancefieldian  La2-La3  range.  The  fauna 
is  presently  being  studied  by  Merete  Bjerreskov. 


Clonograptus  (Clonograptus)  flexilis  (J.  Hall,  1858) 


Text-figs.  2a,  6a-e 

v 1858  Graptolithus  flexilis  n.  sp.  J.  Hall,  pp.  1 19-120. 
v 1865  Graptolithus  flexilis  J.  Hall;  J.  Hall,  pp.  103-104,  pi.  10,  figs.  3-9. 

1895  Clonograptus  flexilis  (J.  Hall);  Pritchard,  pp.  29-30. 

? 1899  Clonograptus  flexilis  (J.  Hall);  T.  S.  Hall,  pp.  169-170,  pi.  19,  fig.  20. 


33-2 
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v non  1937 
1947 
non  1960 
? 1963 
1967 
non  1976 


? 1979 
? 1983 
1987 


Clonograptus  cf.  flex ilis  (J.  Hall);  Monsen.  pp.  195-196,  pi.  6,  figs.  1,  3,  8. 

Clonograptus  flexilis  (J.  Hall);  Ruedemann,  pp.  280-281,  pi.  44,  figs.  4-9. 

Clonograptus  flexilis  (J.  Hall);  Berry,  p.  47,  pi.  6,  fig.  4. 

Clonograptus  flexilis  (J.  Hall);  Ross  and  Berry,  pp.  72-73,  pi.  1,  figs.  5,  7;  pi.  2,  fig.  I. 
Clonograptus  flexilis  (J.  Hall);  Cumming,  fig.  2. 

Clonograptus  flexilis  (J.  Hall);  Braithwaite,  pp.  15-19,  pi.  3,  figs.  1,  4-8.  [Topotype  specimens 
seen.] 

Clonograptus  flexilis  (J.  Hall);  Wang  et  at.,  pp.  501-502,  pi.  1,  fig.  11;  text-fig.  10b. 
Clonograptus  flexilis  taipingensis  n.  ssp.  Li,  p.  146,  pi.  1.  fig.  I 
Clonograptus  flexilis  (J.  Hall);  Williams  et  al. , fig.  5d-h. 


Type  material.  GSC  965a-d,  four  slabs  of  dark  shale  from  Levis,  Quebec.  There  are  only  a few  specimens  on 
these  slabs  in  addition  to  the  six  illustrated  by  Hall  (1865).  A holotype  was  not  selected  by  James  Hall,  nor  has 
there  been  any  subsequent  designation  of  a lectotype.  We  therefore  choose  as  lectotype  a specimen  on  slab  GSC 
965c  (J.  Hall  1865,  pi.  10,  fig.  5)  (text-fig.  2a  herein).  A 'holotype'  for  C.  flexilis  was  erroneously  selected  by 
Braithwaite  (1976)  from  this  Utah  material. 


Other  material.  Twenty-eight  topotype  specimens,  LO  60 1 9t  6023t  and  LR  1-23,  ranging  from  four-stiped  to 
mature.  These  specimens  are  preserved  in  dark  shale  and  are  flattened  or  in  low  relief.  All  are  from  Levis, 
USGS  loc.  219,  which  is  identical  to  the  railroad  cut  described  by  Raymond  (1914)  and  to  loc.  G of  Clark 
(1924).  Additional  information  on  the  locality  was  given  by  Landing  and  Benus  (1985).  All  specimens  come 
from  the  lower  fossiliferous  horizon  mentioned  by  Raymond  (1914)  and  are  labelled  Dichograptus  flexilis 
(allegedly  by  Gurley).  The  material  belongs  to  the  Tornquist  collection  of  Lund  University. 

Horizon.  All  specimens  derive  from  a fauna  'confined  apparently  to  a very  narrow  vertical  range’  (Raymond 
1914,  p.  527).  Recent  field  work  at  loc.  G by  Maletz  has  established  the  range  as  8 05  m,  starling  from 
4-45  m above  the  top  of  the  ' rusty  conglomerate '.  These  specimens  have  as  yet  not  been  studied  in  detail  and  are 
not  included  in  this  study.  The  following  species  are  associated  with  C.  flexilis:  Tetragraptus  approximation 
group,  ' T.  quadrihr achiatus a four-stiped  species  with  the  same  stipe  growth-habit  as  Tetragraptus 
phyllograptoides , but  evidently  unrelated  to  it  (=  T.  phyllograptoides  cf.  phyllograptoides  sensu  Williams  and 
Stevens  (1988)],  Pendeograptus  fruticosus , Didymograptus  constrictus , D.  similis , Phyllograptus  sp.  [=  P. 
ilicifolius  according  to  label  by  Gurley],  and  a rooted  dendroid  [=  Callograptus  salteri  Hall  according  to  label 
by  Gurley].  The  assemblage  indicates  the  Arenig  T.  akzharensis  zone  of  Williams  and  Stevens  (1988).  Williams 
et  al.  (1987,  p.  462)  reported  having  found  the  species  already  in  the  uppermost  Tremadoc. 


Diagnosis.  A clonograptid  with  tetragraptid  proximal  part  and  irregular  branching.  Thecae  straight 
andtubelike,  9-9-5  in  10  mm;  stipe  width  in  profile  view  1-0-1 -8  mm.  Several  orders  of  stipes.  Highly 
variable  cortical  cover.  No  bithecae  have  been  observed. 


Description.  Four  immature  flattened  specimens  (see  text-fig.  6d,  e)  are  preserved  in  profile  view,  showing  the 
sicula,  which  is  2 0-2-4  mm  long  and  04  mm  wide  across  the  aperture.  In  all  specimens  the  nema  is  broken  of!' 
close  to  the  prosicula.  The  first  bud  arises  within  0 5 mm  of  the  sicular  apex.  Due  to  flattening,  the  proximal 
development  type  cannot  be  identified  with  certainty. 

The  thecae  are  straight  tubes,  with  their  apertures  approximately  at  right  angles  to  the  dorsal  margin  of  the 
rhabdosome.  They  are  inclined  at  19-32°  if  seen  in  full  profile  view.  The  maximum  variation  in  one  specimen 
is  c.  5-1°.  The  thecae  are  2-2-3  0 mm  long  and  c.  0-4-0-6  mm  wide.  Stipe  width  is  10-1-8  mm.  There  are  9-9-5 
thecae  in  10  mm,  and  thecal  overlap  ranges  from  just  above  one  half  to  slightly  less  than  two-thirds.  No 
bithecae  have  been  seen. 

In  dorsal  view  stipe  width  varies  with  the  amount  of  cortex.  This  is  especially  obvious  in  first-order  stipes, 
which  are  0-4-10  mm  wide  (cf.  text-fig.  6a-c).  Second  and  higher  orders  measure  04-0-5  mm  in  specimens  with 
little  cortex  and  0-5-0-6  mm  (occasionally  0-7  mm)  in  heavily  cortex-covered  rhabdosomes.  Characteristically 
the  latter  are  the  largest  specimens. 

First-order  stipes  consist  of  one  theca.  Two  aberrant  immature  specimens  (LR  1-2)  were  found,  though,  with 
one  and  both  of  the  primary  stipes  respectively  consisting  of  two  thecae.  The  second  dichotomy  encloses  an 
angle  of  90-1 10°,  and  the  ensuing  second-order  stipes  consist  of  one,  two,  or  three  thecae.  The  next  dichotomy 
encloses  55-95°  (mode  at  75-80°),  and  third-order  stipes  are  usually  3-7  mm  long,  in  most  specimens  of 
unequal  length.  More  distally  the  concept  of  stipe  order  is  hardly  applicable  - the  variation  in  stipe  length  being 
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text-fig.  6.  a-e,  Clonograptus  ( Clonograptus ) fiexilis  (J.  Hall,  1858),  from  USGS  loc.  219,  Levis,  Quebec,  a-c, 
three  mature  specimens  showing  the  variation  in  stipe  length,  stipe  width,  and  amount  of  cortex,  a,  LO  60 1 9t, 
a specimen  with  much  cortex  and  an  unusually  long  fourth-order  stipe,  b,  LO  6020t,  one  of  the  largest 
specimens  without  appreciable  cortical  thickening.  The  lower  half  of  the  figure  shows  the  tendency  of  the 
graptolite  to  infill  ‘empty  spaces’  between  stipes:  the  limited  branching  to  the  right  is  compensated  for  by  an 
expansion  of  the  left-hand  lobe,  c,  LO  602 It,  a mature  specimen  with  cortical  thickening,  associated  with  an 
immature  specimen  with  little  cortex,  d,  e,  LO  6022t  and  LO  6023t,  two  immature  specimens  showing  the 
sicula.  F,  Clonograptus  (Clonograptus)  sp.  aff.  C.  (C.)  fiexilis  (J.  Hall,  1858),  RM  Cnl467.  from  ‘Mossebo’, 

north-west  Hunneberg,  Sweden;  collected  by  Holm. 


too  great.  Among  the  measured  specimens  ‘fourth-order  stipes’  range  from  3-5  to  35  mm  in  length.  The  angle 
of  dichotomy  generally  decreases  slightly  away  from  the  proximal  part,  but  untwisted  stipe  pairs  never  show 
an  angle  less  than  45-50°. 

Discussion.  The  possible  synonymy  of  C.  fiexilis  and  C.  rigidus  has  been  much  debated.  For  a 
discussion  of  this,  and  the  differences  between  the  two  taxa,  see  the  description  of  C.  rigidus  above. 

C.  fiexilis  has  been  reported  for  many  areas  of  the  world,  but  it  has  not  always  been  correctly 
identified.  C.  fiexilis  of  Berry  (1960)  is  a very  thin  form  and  C.  fiexilis  of  Ross  and  Berry  (1963)  must 
be  subject  to  some  doubt,  since  the  thecal  parameters,  as  seen  from  their  figures,  do  not  suggest 
conspecificity  with  C.  fiexilis.  The  specimen  illustrated  by  Cumming  (1967)  is  unquestionably  a 
C.  fiexilis,  whereas  those  figured  by  Williams  et  al.  (1987)  are  mostly  fragmentary  and  only  their 
fig.  5h  can  be  positively  identified.  Interestingly,  their  fig.  5d  shows  prolonged  first-order  stipes. 

An  Australian  Lancefieldian  form  was  described,  but  not  figured,  as  C.  fiexilis  by  Pritchard 
(1895).  The  description  conforms  to  our  material,  except  for  a slightly  closer  thecal  spacing:  10-1  I 
as  opposed  to  9-9-5  thecae  in  10  mm.  The  species  was  redescribed  and  illustrated  by  T.  S.  Hall 
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(1899).  His  illustration  was  drawn  from  one  of  Pritchard’s  specimens,  but  shows  tapering  stipes, 
devoid  of  thecae  (as  also  mentioned  in  the  description).  However  inconsistent  these  two  descriptions 
may  seem,  there  is  one  plausible  explanation.  We  have  seen  Clonograptus  specimens  with  stipes  in 
profile  view  but  thecae  only  visible  on  a wetted  surface.  On  a dry  slab  the  stipes  are  seen  to  taper, 
reflecting  the  distally  diminishing  cortex  on  the  ‘common  canal’.  Since  Pritchard  actually  saw  the 
relevant  thecal  characters,  the  identity  of  the  taxon  is  established  in  his  case,  but  this  is,  of  course, 
no  guarantee  that  every  clonograptid  appearing  to  have  narrowing  stipes  belongs  to  Clonograptus 
s.s.,  especially  if  thecal  shape  differs  in  proximal  and  distal  parts  of  the  rhabdosome. 

Monsen’s  (1937)  C.  cf.  flexilis  from  Scandinavia,  if  correctly  illustrated,  is  a mixture  of  two 
species.  Unfortunately  this  cannot  be  verified,  since  the  specimen  shown  on  her  pi.  6,  fig.  3 has  been 
destroyed.  The  other  specimens  are  herein  referred  to  C.  galgebergi. 

The  taxon  has  also  been  reported  from  China  (Wang  et  al.  1979)  but  thecal  details  are  unknown 
in  the  specimen  described.  A new  subspecies  was  described  by  Li  (1983)  as  C.  flexilis  taipingensis ; 
it  probably  does  belong  to  Clonograptus  s.s.,  but  we  cannot  judge  if  it  is  conspecific  with  C.  flexilis. 

We  conclude  that  the  only  definite  occurrences  of  C.  flexilis  are  limited  to  Canada  and  Australia. 


Clonograptus  ( Clonograptus ) sp.  (spp.  ?)  aff.  C.  (C.)  flexilis  (J.  Hall,  1858) 

Text-figs  5b,  6f 

Material  and  horizon.  Only  three  specimens  are  known.  Specimen  1 (with  counterpart),  RM  Cn  1467-1 468 
(text-fig.  6 f),  was  found  on  a slab  of  black  shale  in  the  Riksmuseum  collection,  labelled  ‘Hunneberg, 
Mossebo’.  It  is  likely  to  come  from  a level  1-1-5  m below  the  local  C.  multiplex  beds,  as  evidenced  by  the  co- 
occurrence of  extensiform  didymograptids  of  D.  constrictus-D.  similis  type  and  the  conodont  Oelandodus 
elongatus.  The  indicated  level  is  low  in  the  range  of  the  didymograptids  and  high  in  the  range  of  the  conodont. 
The  specimen  is  preserved  in  part-relief:  the  thecae  are  flat,  and  only  visible  if  wetted,  whereas  the  ‘common 
canal’  is  seen  in  relief. 

Specimen  2,  LO  5868t  (text-fig.  5b),  derives  from  higher  up  in  the  same  section.  It  comes  from  a loose  slab 
of  slightly  thermally  altered  black  shale,  and  is  associated  with  Trichograptus  dilaceratus  (Herrmann,  1885) 
which  first  appears  in  the  higher  ranges  of  the  C.  multiplex  beds.  The  specimen  is  preserved  as  a high  relief 
mould. 

Specimen  3,  LO  1 737,  from  the  Didymograptus  balticus  Zone  of  Flagabro,  Scania,  Sweden,  was  referred  to 
as  ‘undetermined  irregular  Dichograptidae’  by  Tornquist  (1904,  pi.  2,  fig.  24).  It  is  preserved  in  low  relief  in 
grey  shale. 

Description.  Specimen  1 has  six  orders  of  stipes.  The  second  to  fourth  orders  are  2-3-5  mm,  2-6  mm,  and  4- 
16  mm  long,  respectively.  Stipe  width  in  profile  reaches  a maximum  of  10  mm,  and  there  are  c 10  thecae  in 
10  mm.  Thecae  are  straight  and  inclined  at  15-20°.  Thecal  overlap  is  approximately  one  half. 

The  corresponding  figures  for  specimen  2 are:  four  orders  of  stipes;  stipe  lengths  3 mm,  3-5—7  mm,  and  up 
to  at  least  13  mm;  width  0-8  mm;  9-5  thecae  in  10  mm;  thecal  inclination  10-15°;  thecal  shape  and  overlap 
similar  to  specimen  1. 


EXPLANATION  OF  PLATE  83 

Figs.  1—6.  Clonograptus  ( Clonograptus ) multiplex  (Nicholson,  1868).  1,  LO  6025t,  immature  specimen  in  profile 
view,  showing  the  proximal  development,  x 9.  2,  LO  6026t,  specimen  illustrating  the  mode  of  stipe  division, 
x 1 0.  3,  4,  LO  6027t,  LO  6027  + , counterparts  of  the  proximal  part  of  a specimen  showing  (arrow)  a possible 
bitheca  or  an  aborted  stipe,  x 8.  5,  6,  LO  6028t,  LO  6028 + , counterparts  of  a ‘trichotomy’,  i.e.  two 
consecutive  dichotomies,  x 10.  1 , from  ‘ Mossebo ',  north-west  Hunneberg,  Sweden ; collected  by  Westergard. 
2-6,  from  Diabasbrottet,  north-west  Hunneberg,  Sweden;  collected  by  J.  Maletz. 

Fig.  7.  Clonograptus  ( Clonograptus ) sp.  all'.  C.  (C.)  multiplex  (Nicholson.  1868),  PMO  108.558,  stipe  fragment 
showing  (arrows)  a triad  budding  mechanism  without  bithecae,  x 9.  From  Slemmestad,  Norway;  collected 
by  N.  Spjeldnaes. 

All  photographs  were  made  from  latex  casts. 


PLATE  83 
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Specimen  3 is  very  similar  to  specimen  2 and  they  are  undoubtedly  conspecific. 

None  has  any  noticeable  cortical  thickening.  Specimen  I appears  to  have  had  more  flexible  stipes  and  slightly 
lower  angles  of  divergence  of  stipes. 

Discussion.  The  three  specimens  share  many  features,  yet  certain  differences  make  it  difficult  to 
decide  whether  they  are  conspecific.  There  is  also  a slight  difference  in  stratigraphic  horizon.  All 
show  a similarity  to  C.flexilis,  especially  in  overall  size  and  branching  pattern.  Specimens  2 and  3 
bear  a certain  resemblance  to  C.  multiplex  in  stipe  attitudes,  but  are  smaller  than  any  of  our 
specimens  of  that  species. 

Clonograptus  ( Clonograptus ) multiplex  (Nicholson,  1868) 

Plate  83,  figs.  1-6;  text-figs.  7-1 1 

v 1868  Dichograpsus  multiplex  n.  sp.  Nicholson,  pp.  129-130,  pi.  6,  figs.  1-3. 
v 1876  Temnograptus  multiplex  (Nicholson);  Nicholson,  p.  248,  pi.  9,  fig  I 

v 1882  Dichograptus  (?)  Milesi  (J.  Hall);  Herrmann,  pp.  351-352,  pi.  2,  figs.  17,  18. 

v 1885  Clonograptus  sp.  Herrmann,  p.  88,  fig.  II. 

v 1886  Clonograptus  multiplex  (Nicholson);  Herrmann,  p.  25,  fig.  9. 

v 1898  Temnograptus  multiplex  (Nicholson);  Elies,  p.  477,  fig.  6. 

v 1902  Temnograptus  multiplex  (Nicholson);  Elies  and  Wood,  p.  86,  pi.  12,  fig.  I ; text-fig.  48. 

v 1904  Temnograptus  multiplex  (Nicholson);  Tornquist,  pp.  21-22,  pi.  3,  figs.  1-4. 

v 1904  Dichograptus  regularis  n.  sp.  Tornquist,  p.  20,  pi.  2,  fig.  19. 
v 1904  Anthograptus  nidus  n.  sp.  Tornquist,  pp.  22-23,  pi.  4,  figs.  4,  5. 

vp  1904  Undetermined  irregular  Dichograptidae;  Tornquist,  p.  22,  pi.  2,  figs.  22-23  (non  pi.  2,  fig.  24  = 

C.  sp.  aff.  C.  flexilis). 

v 1937  Herrmannograptus  milesi  (J.  Hall);  Monsen,  pp.  190-191,  pi.  5,  fig.  31 ; pi.  14,  fig.  10;  pi.  15,  fig. 
9. 

vp  1937  Herrmannograptus  regularis  (Tornquist);  Monsen,  p.  192,  pi.  14,  figs.  ?3,  ?8,  9 (figs.  3 and  8 are 
part  and  counterpart  of  an  indeterminate  stipe  fragment). 

? 1987  Temnograptus  regularis  (Tornquist);  Xiao,  p.  630,  pi.  2,  fig.  I 

Type  material.  BMNH  Q31  contains  the  two  types.  We  choose  as  lectotype  the  most  complete  specimen,  shown 
as  the  uppermost  specimen  of  Elies  and  Wood  (1902,  pi.  12,  fig.  1).  It  and  its  counterpart,  GSM  7648,  are 
illustrated  as  text-fig.  7 herein.  The  other  type  specimen  has  an  asymmetrical  proximal  end,  with  one  first-order 
stipe  consisting  of  presumably  five  thecae,  the  other  of  one  theca  only.  Its  counterpart  is  SM  A.  17950.  The 
material  comes  from  the  Skiddaw  Slate  Group  at  Peel  Wyke  at  the  north-west  end  of  Bassenthwaite  lake.  Lake 
District,  England.  The  lithology  is  a dark  grey,  fine-grained  turbiditic  siltstone.  The  types  have  suffered  some 
tectonic  distortion  and  are  badly  preserved.  There  appear  to  be  8-10  thecae  in  10  mm. 

Other  material.  LO  1738t,  1748T,  6025t-6056t  and  available  counterparts,  LR  24—132,  five  unnumbered  SGU 
specimens,  and  RM  Cnl463  and  Cnl828,  all  with  proximal  parts  preserved,  and  additionally  numerous  stipe 
fragments.  Specimens  are  of  all  sizes,  from  four-stiped  to  giants.  The  material  is  partly  flattened  and  partly  in 
relief,  and  derives  from  shale,  which  in  parts  of  the  succession  is  contact-metamorphosed  by  an  overlying 
dolerite  sill.  The  described  fauna  comes  from  two  localities  at  north-west  Hunneberg,  Sweden:  Mossebo  and 
Diabasbrottet,  situated  approximately  1 km  apart.  The  ‘Mossebo’  of  authors  before  Tjernvik  (1956)  is 
identical  to  Diabasbrottet. 

Horizon.  Lower  Arenig,  lower  part  of  the  D.  ha/ticus  Zone  sensu  Tornquist  (1901). 

Diagnosis.  A large-sized  clonograptid  with  highly  irregular  branching.  The  proximal  part  is 
tetragraptid;  second-order  stipes  vary  from  short  to  very  long,  the  variation  occurring  both  within 
and  between  specimens.  The  thecae  are  somewhat  curved  tubes,  mostly  spaced  8-5-10  in  10  mm; 
stipe  width  is  1-2-1 -7  mm.  There  are  no  bithecae. 

Description.  A few  immature  specimens  preserved  in  profile  view  have  been  found,  of  which  one  is  in  full  relief 
(PI.  83,  fig.  1).  The  sicula  is  c.  1 -8—2-2  mm  long  and  0-6-0  7 mm  wide  across  the  aperture.  A nema  was  not 
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text-fig.  7.  Clonograptus  ( Clonograptus ) multiplex  (Nicholson,  1868).  a,  BMNH  Q31,  the  lectotype.  The 
specimen  was  figured  by  Nicholson  (1868,  1876)  and  Elies  and  Wood  (1902).  b,  GSM  7648,  counterpart  of 
lectotype,  showing  the  total  length  of  all  the  second-order  stipes.  From  Peel  Wyke,  Lake  District,  England.  The 
specimen  is  shown  in  black;  stippled  parts  of  this  specimen  are  seen  only  as  faint  traces.  Stipes  belonging  to 
the  other  type  are  dotted,  stipes  not  belonging  to  either  specimen  are  outlined  for  easier  comparison  with  the 

illustration  by  Elies  and  Wood  (1902.  pi.  12,  fig.  1). 


preserved  in  any  specimen.  There  is  no  sicular  bitheca.  The  proximal  development  is  isograptid,  dextral 
(defined  by  Cooper  and  Fortey  1982,  p.  172).  Thl1  buds  within  0 5 mm  of  the  sicular  apex.  Thl2  arises  from 
th  1 1 half  way  down  the  sicula.  The  next  dichotomy  is  consecutive,  resulting  in  first-order  stipes  of  one  theca 
each,  whereas  the  following  dichotomies  are  nearly  always  delayed.  We  have  found  no  specimen  with 
prolonged  first-order  stipes  in  the  Hunneberg  fauna.  The  thecae  are  simple  lubes,  slightly  curved,  and  overlap 
for  about  half  their  length.  The  aperture  is  gently  concave.  Thecal  length,  and  thus  stipe  width,  varies 
somewhat.  The  inclination  of  thecae  seen  in  full  profile  view  is  15-25°  proximally  and  30—40°  distally.  Thecal 
spacing  is  variable,  normally  8-5-10  thecae  in  10  mm  (total  range  7-6-10-5).  Profile  stipe  width  is  equally 
variable  at  1-2-1  -7  mm,  but  there  is  no  correlation  between  thecal  spacing  and  stipe  width.  Lateral  stipe  width 
is  c.  0-5-10  mm. 

The  stipes  are  of  normal  dichograptid  appearance,  without  bithecae  or  other  signs  of  triad  budding 
mechanism.  There  is  one  peculiar  specimen,  however,  showing  a structure  which  could  be  either  a bitheca  or 
an  aborted  stipe  (PI.  83,  figs.  3,  4).  Stipe  length  of  all  orders  except  the  first  is  extremely  variable;  see  text-figs. 
8 and  9 representing  three  associations,  and  text-fig.  10  illustrating  the  range  in  stipe  length  and  intra-specimen 
variation.  Stipes  are  relatively  straight  or  gently  curved  unless  affected  by  water  currents  (text-fig.  10a). 
Straight  stipes  are  most  common  in  specimens  with  long  second-order  stipes  (i.e.  less  crowding  of  stipes).  The 
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text-fig.  8.  Clonograptus  (Clonograptus)  multiplex  (Nicholson,  1868).  a and  b-e  represent  two  natural 
assocations  showing  the  size  range  and  irregular  branching  of  this  species,  a,  LO  6029t-6031t  are  specimens 
at  the  lower  end  of  the  size  range;  note  ‘trichotomy’  in  the  largest  specimen.  From  ‘Mossebo’;  collected  by 
Moberg  and  von  Schmalensee.  b-e,  LO  6032t-6035t  and  counterparts.  Note  the  two  ‘trichotomies'  in  d.  Only 
e has  a symmetrical  proximal  part.  Stippled  parts  of  the  specimens  are  seen  only  as  a slightly  darker  colour  of 
the  shale;  no  impression  or  periderm  is  left.  Dashed  outlines  represent  pyrite  concretions.  Baked  shale  from 

Mossebo;  collected  by  K.  Lindholm. 


size-range  of  second-order  stipes  is  from  1 to  more  than  40  mm.  Specimens  with  all  four  second-order  stipes 
of  subequal  length  (i.e.  with  the  longest  stipe  less  than  twice  the  length  of  the  shortest  one)  seem  to  be  somewhat 
more  common  than  the  highly  irregular  ones.  About  half  the  specimens  have  short  second-order  stipes,  c.  4-10 
mm  long. 

The  range  in  length  of  higher-order  stipes  is  even  greater.  As  in  C.flexilis,  it  is  debatable  if  the  concept  of 
stipe  order  has  much  meaning.  Stipes  are  from  1 mm  long  (PI.  83,  figs.  5,  6;  text-figs.  8d,  10c,  11a,  b)  in 
connection  with  ‘trichotomies’  and  ‘quadrichotomies’  (i.e.  two  or  three  consecutive  dichotomies;  cf. 
Anthograptus  nidus),  to  at  least  75  mm.  The  angle  of  the  second  dichotomy  is  normally  90-100°  (total  range 
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text-fig.  9.  Clonograptus  ( Clonograptus ) multiplex  (Nicholson,  1868).  a-l,  LO  6036t-6046t  and  counterparts, 
eleven  associated  specimens  showing  the  variation  in  second-order  stipe  length.  Baked  shale  from  Mossebo; 

collected  by  K.  Lindholm. 

70-120°).  The  mode  of  the  third  dichotomy  is  60-70°  (total  range  50-95°),  and  60°  for  the  fourth  to  sixth 
dichotomies  (total  range  40-80°).  Up  to  seven  or  eight  stipe  orders  are  present  in  the  largest  specimens. 

To  exemplify  the  size  variation,  text-fig.  8 a shows  a specimen  with  fifth-order  stipes  starting  16  mm  from  the 
sicula,  whereas  the  same  point  is  104  mm  away  in  text-fig.  8e.  Text-fig.  9e  shows  a specimen  which  retains 
third-order  stipes  88  mm  from  the  sicula.  The  specimen  in  text-fig.  8e  has  a diameter  of  at  least  390  mm, 
whereas  the  dimensions  of  text-fig.  8 a are  fairly  close  to  those  of  C.  fiexilis. 

Discussion.  Due  to  the  extreme  variability  and  the  few  specimens  available  to  different  authors, 
specimens  of  this  species  have  been  referred  to  diverse  genera  and  sometimes  also  split  into  different 
species.  It  certainly  requires  the  number  of  specimens  we  have  seen  to  appreciate  properly  the 
intraspecific  variability. 

Specimens  belonging  to  C.  multiplex  have  on  various  occasions  been  referred  to  the  genera 
Dichograptus  Salter,  1863,  Temnograptus  Nicholson,  1876,  Clonograptus  Nicholson,  1873, 
Herrmannograptus  Monsen,  1937,  and  Anthograptus  Tornquist,  1904.  Of  these,  Dichograptus  was 
considered  inappropriate  for  this  species  very  early  and  Herrmannograptus  was  discarded  by 
Bulman  (1955)  as  a synonym  of  Clonograptus.  Since  the  majority  of  Monsen’s  (1937) 
Herrmannograptus  specimens  belong  to  C.  multiplex , the  type  species  of  Temnograptus , this 
supports  the  synonymy  of  Clonograptus  and  Temnograptus.  The  only  visible  difference  between 
these  ‘genera’  is  stipe  length,  especially  the  possibility  of  longer  second-order  stipes  in  Temnograptus. 
However,  the  great  variation  in  this  respect  of  ‘77  ’ multiplex  casts  doubt  upon  the  validity  of  this 
character  for  generic  distinction.  We  therefore  consider  Temnograptus  to  be  a synonym  of 
Clonograptus. 

Anthograptus  (text-fig.  1 1 c)  is  more  of  a problem.  It  was  originally  described  from  one  fragment 
without  a proximal  end.  The  only  similar  specimen  we  have  found  (text-fig.  1 1 B)  likewise  lacks  the 
proximal  part,  so  here  we  must  rely  on  circumstantial  evidence.  First,  our  specimen  is  associated 
with  an  apparently  normal  C.  multiplex  specimen.  We  also  have  eight  specimens  of  C.  multiplex  with 


text-fig.  10.  Stipe  length  variation  in  Clonograptus  ( Clonograptus ) multiplex  (Nicholson,  1868).  a-d,  LO 
6047t  6050t,  have  symmetrical  proximal  parts  of  varying  second-order  stipe  length,  e-g,  LO  6051t-6053t,  have 
irregular  proximal  parts  with  respectively  one,  two,  and  three  long  second-order  stipes  (cf.  also  text-fig.  6g). 
h,  j,  LO  6054t,  6055t.  show  the  variability  in  higher-order  stipe  lengths,  a,  g,  and  H are  combinations  of  both 
counterparts.  Stippling  and  dashed  outlines  as  in  text-tig.  5.  a,  c,  e,  f,  and  h are  from  Diabasbrottet ; collected 
by  J.  Maletz.  b is  from  Mossebo.  d and  J are  from  Mossebo;  collected  by  J.  Maletz.  g is  from  ‘Mossebo’; 

collected  by  Moberg  and  von  Schmalensee. 
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text-fig.  II.  a,  b are  specimens  of  Clonograptus  ( Clonograptus ) multiplex  (Nicholson,  1868)  suggesting 
synonymy  with  Anthograptus  nidus  Tornquist,  1904  (c).  a,  LO  1738  + , counterpart  of  Tornquist’s  (1904) 
pi.  3,  fig.  1,  which  was  reproduced  as  a reconstruction  by  Bulman  (1955,  1970).  Note  the  irregularly  placed 
'trichotomies’,  which  were  not  figured  by  Tornquist.  From  'Mossebo';  collected  by  Moberg  and  von 
Schmalensee.  b,  LO  6056t,  stipe  fragments  of  a very  large  specimen  showing  ‘trichotomies’  and  a 
'quadrichotomy ’.  Baked  shale  from  Mossebo;  collected  by  K.  Lindholm.  c,  LO  I748T,  holotype  of 
Anthograptus  nidus  Tornquist,  1904,  herein  synonymized  with  C.  multiplex.  From  ‘Mossebo’;  collected  by 

Tornquist. 

a ‘ trichotomy  ’ and  preserved  proximal  part  (see,  for  example,  text-figs.  8 and  1 1 ).  The  ‘ trichotomies  ’ 
are  erratic,  occurring  from  second  to  seventh  order.  Text-fig.  1 1 b can  be  considered  as  an  aberrant 
specimen  that  systematically  employed  this  mode  of  branching.  Judging  from  the  size  of  the 
specimen,  the  most  proximal  stipes  seen  are  of  third  or  higher  order.  The  mode  of  branching 
strikingly  resembles  that  of  Orthodichograptus  robbinsi  Thomas,  1973,  but  thecal  characteristics  are 
identical  to  those  of  C.  multiplex.  We  therefore  regard  Anthograptus  as  a synonym  of  Clonograptus , 
and  dispute  its  affiliation  to  the  Schizograpti  by  Bulman  (1955,  1970).  A mode  of  branching 
consisting  exclusively  of ‘trichotomies’  is  used  by  Triaenograptus  T.  S.  Hall,  1914,  from  higher  parts 
of  the  Arenig  in  Victoria;  it  was  considered  by  Bulman  (1970)  to  be  synonymous  with 
Tridensigraptus  Zhao,  1964,  from  eastern  China.  These  forms  have  geometrically  arranged  stipes, 
which  is  unknown  in  C.  multiplex ; this  was  possibly  an  adaptation  to  a special  mode  of  life,  rather 
than  an  indicator  of  phylogenetic  relationship. 

Tornquist’s  (1904)  Dichograptus  regularis  is  based  on  one  specimen  of  C.  multiplex  with  short 
second-order  stipes  and  longer  than  average  third-order  stipes.  The  specimen  thus  superficially 
resembles  a Dichograptus.  A similar  specimen,  carrying  stipes  of  higher  orders,  is  shown  in  text-fig. 
I 0 b.  Some  of  Tornquist’s  ( 1904)  ‘undetermined  irregular  Dichograptidae ' also  belong  without  any 
doubt  to  this  species.  Irregular  specimens  are  not  uncommon  in  a larger  collection  (cf.,  for  example, 
text-figs.  9g,  10e-g). 
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text-fig.  12.  Clonograptus  (Clonograptus)  sp.  aff.  C.  (C.)  multiplex  (Nicholson,  1868).  a,  PMO  108.557,  108.558, 
from  Slemmestad,  Norway;  collected  by  N.  Spjeldnaes.  b,  SGU  Type  5468,  from  ‘Mossebo’;  collected  by  von 

Schmalensee. 


The  name  C.  multiplex  has  not  been  used  since  Tornquist  (1904).  Monsen  (1937)  divided  her 
1 Herrmannograptus  ’ into  three  species,  based  on  increasing  length  of  second-order  stipes;  H.  milesi, 
H.  regularis , and  H.  galgebergi.  We  consider  C.  galgebergi  valid,  but  based  on  other  criteria  than 
Monsen’s.  The  other  two  'species’  are  included  in  C.  multiplex.  The  use  of  the  name  milesi  is  based 
on  a misunderstanding  taken  over  from  Herrmann  (1882)  (see  below,  under  C.  milesi). 

Clonograptus  sp.  B of  Kraft  and  Mergl  (1979)  could  well  be  synonymous  with  C.  multiplex.  It  is 
badly  preserved,  in  a rather  coarse  sediment  (which  may  explain  its  apparently  narrower  stipes;  cf. 
‘Preservation’  p.  714).  It  has  a thecal  spacing  of  1 1-12  in  10  mm,  slightly  more  crowded  than  our 
material,  but  it  exhibits  the  same  irregularity  of  the  proximal  part. 

Clonograptus  ( Clonograptus ) sp.  aff.  C.  (C.)  multiplex  (Nicholson,  1868) 

Plate  83,  fig.  7;  text-fig.  12 

Material.  One  specimen,  PMO  108.557-108.558,  from  ‘ Roykenveien,  S.  Slemmestadskrysset  (N-siden  av 
veien)'  (‘  Royken  Road,  south  of  Slemmestad  cross-roads  (north  side  of  the  road)’),  Slemmestad,  Oslo  region, 
Norway  (text-fig.  12a).  One  specimen,  SGU  Type  5468,  from  ‘Mossebo  Limestone  Quarry’,  north-west 
Hunneberg,  Sweden  (text-fig.  12  b). 

Horizon.  PMO  108.557-108.558  comes  from  a level  0-5-10  m above  the  Ceratopyge  Limestone,  and  belongs 
to  the  ‘earliest  dichograptid  fauna’  sensu  Tjernvik  (1956).  SGU  Type  5468  is  associated  with  a typical 
T.  phyllograptoides  Zone  fauna.  Both  specimens  are  preserved  in  low  relief  in  dark  shale. 

Description.  These  two  specimens  are  older  than  the  C.  multiplex  fauna  from  Hunneberg.  They  differ  from  the 
latter  species  in  having  longer  thecae,  resulting  in  wider  stipes  (maximum  21  mm)  and  increased  thecal  overlap 
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text-fig.  13.  Clonograptus  ( Clonograptus ) galgebergi  (Monsen,  1937).  a,  PMO  K932,  the  holotype,  Galgeberg, 
Oslo;  collected  by  Monsen.  The  arrows  indicate  the  areas  prepared  by  Lindholm.  b,  c,  two  immature  specimens 
associated  with  the  holotype.  d,  PMO  K951,  from  Galgeberg,  Olso;  collected  by  Herrmann,  e,  f,  LO  6057t, 
6058t,  from  Diabasbrottet,  both  from  3 20  m above  the  lower  Planilimbata  Limestone  band;  collected  by 

K.  Lindholm. 


(c.  two-thirds).  The  supple  stipes,  consistently  preserved  in  profile  view,  and  the  narrow  proximal  part,  indicate 
little  cortical  overgrowth.  A pyritized  stipe  fragment  associated  with  PMO  108.557-  108.558,  and  having  the 
same  branching  pattern,  shows  remnants  of  a triad  budding  mechanism  without  bithecae  (PI.  83,  fig.  7).  SGU 
Type  5468  is  slightly  younger  stratigraphically,  and  is  too  flattened  to  show  any  such  details.  Its  dorsal  margin 
is  somewhat  undulating  in  places,  which  could  indicate  a similar  budding  mechanism.  The  specimens  have 
second-order  branches  12-37  mm  long,  and  stipes  of  all  orders  seen  (up  to  the  fifth)  are  straight  or  nearly  so. 

Discussion.  The  specimens  are  very  similar  to  Clonograptus  sp.  A of  Jackson  (1974)  from  the 
uppermost  Tremadoc  of  the  Yukon.  They  differ  only  in  having  slightly  closer  spaced  thecae. 


Clonograptus  (Clonograptus)  galgebergi  (Monsen,  1937) 

Text-fig.  13 

vp  1937  Herrmannograptus  galgebergi  n.  sp.  Monsen,  pi.  6,  fig.  5;  pi.  15,  fig.  10  (non  pp.  191-192;  pi.  15, 
fig.  3 = indeterminate  fragment). 

vp  1937  Clonograptus  cf . flexilis  (J.  Hall);  Monsen,  pi.  6,  figs.  1 and  8 (non  pp.  195-196,  pi.  6,  fig.  3). 

Material.  The  holotype,  PMO  K932  (Monsen  1937,  pi.  6,  fig.  5),  associated  with  two  immature  specimens  (text- 
fig.  I3a-c  herein);  PMO  K951  (Monsen  1937,  pi.  15,  fig.  10)  (text-fig.  13d);  and  PMO  59.554,  two  fragments 
(Monsen  1937,  pi.  6,  figs.  1-8).  All  of  these  are  from  Galgeberg,  Olso,  Norway.  LO  6057t  and  LO  6058t  (text- 
fig.  1 3 E,  f),  from  Diabasbrottet,  north-west  Hunneberg,  Sweden;  from  a level  approximately  L5  m below  the 
base  of  the  main  C.  multiplex  horizon.  All  specimens  are  in  low  relief  and  occur  in  dark  shale. 

Horizon.  T.  approximatus  Zone  sensu  Monsen  (1937). 
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Diagnosis.  A clonograptid  very  similar  to  C.  multiplex , differing  mainly  in  having  narrower  stipes 
with  straighter  thecae.  The  available  specimens  have  widely  spaced  dichotomies.  There  are  no 
bithecae  along  the  stipes. 

Redescription  of  type  material.  The  holotype  (PMO  K932;  text-fig.  13a)  lacks  the  proximal  part,  but  according 
to  stipe  angles  the  specimen  shows  second-  and  third-order  stipes.  Additional  preparation  of  the  proximal 
part,  which  was  not  illustrated  by  Monsen  (1937),  has  revealed  the  third  and  possibly  the  fourth  second-order 
stipe.  The  fourth  stipe  seems  slightly  displaced,  due  possibly  to  the  growth  of  a pyrite  concretion.  The  complete 
second-order  stipes  are  45  and  46  mm  long;  third-order  stipes  are  incomplete,  with  maximum  length  35  mm. 
The  angle  between  second-order  stipes  is  90°  and  between  third-order  stipes  60°  and  70°.  One  of  the  two 
immature  specimens  (text-fig.  1 3 b)  associated  with  the  holotype  shows  the  first-order  stipes,  which  consist  of  one 
theca  each.  In  these  specimens  the  angle  of  divergence  between  second-order  stipes  is  98-1 10°.  Lateral  stipe 
width  is  uniformly  0-5  mm,  profile  width  10  mm.  Thecae  are  straight  tubes,  with  length/width  ratio  c.  3.  There 
are  9-10-5  thecae  in  10  mm;  thecal  overlap  is  slightly  more  than  half. 

The  other  type  specimen  (PMO  K951 ; text-fig.  13  d)  shows  fourth-order  stipes.  First-order  stipes  apparently 
consist  of  one  theca  each,  while  second-order  stipes  are  of  unequal  length.  Complete  second-  and  third-order 
stipes  are  shorter  than  those  of  the  holotype,  but  the  specimens  agree  closely  in  other  parameters.  No  bithecae 
are  visible  in  any  specimen. 

Discussion.  The  measurements  of  the  Swedish  specimens  (text-fig.  13e,  f)  conform  to  those  of  the 
holotype,  whereas  the  thecae  are  slightly  more  crowded,  11-12  in  10  mm,  in  PMO  59.554. 

Our  concept  of  this  species  differs  from  that  of  Monsen.  She  considered  the  main  characteristic  of 
the  species  to  be  the  length  of  second-order  stipes  (Monsen  1937,  p.  190),  which  we  have  proved  (see 
description  of  C.  multiplex ) to  be  of  little  consequence  in  clonograptids.  It  can  also  be  seen,  from 
the  measurements  given  in  Monsen’s  original  description  of  H.  galgebergi , that  part  of  her  material 
belonged  to  C.  multiplex.  The  available  specimens  do  not  permit  any  comments  as  to  the  other 
specific  characters  mentioned  by  Monsen,  namely;  a limited  number  of  stipes;  the  approximately 
equal  length  of  second-  and  third-order  stipes;  the  constant  angle  of  divergence;  and  a higher  degree 
of  regularity  of  the  rhabdosome  than  the  other  species  of  ‘ Herrmannograptus'. 

The  available  material  for  this  species  is  very  limited,  and  further  finds  may  prove  it  to  be  a 
subspecies  of  C.  multiplex.  The  specimens  examined  differ  from  the  latter  in  having  narrower  stipes 
and  straighter  thecae. 


Clonograptus  ( C/onograptus ) milesi  (J.  Hall,  1861) 


Text-figs.  4a-f,  14 


v 1861 
v 1865 
v non  1882 
v non  1937 

non  1962 


Graptolithus  Milesi  n.  sp.  J.  Hall,  p.  372,  pi.  12,  figs.  2^L 
Graptolithus  Milesi  J.  Hall;  J.  Hall,  p.  20,  fig.  27. 

Dichograptus  (?)  Milesi  (J.  Hall);  Herrmann,  pp.  351-352,  pi.  2,  figs.  17,  18. 
Herrmannograptus  milesi  (J.  Hall);  Monsen,  pp.  190-191,  pi.  5,  fig.  31;  pi.  14,  fig.  10;  pi.  15, 
fig.  9. 

Clonograptus  milesi  (J.  Hall);  Obut  and  Sobolevskaya,  p.  78,  pi.  3,  fig.  1. 


Material.  Our  material  consists  of  the  specimens  found  on  the  type  slab,  AMNH  433/1  (i.e.  the  two  specimens 
illustrated  by  J.  Hall  1861)  (text-fig.  14  herein),  and  fourteen  associated  smaller  specimens  on  the  back  of  the 
slab,  some  of  which  are  illustrated  as  text-fig.  4a-f.  They  are  all  preserved  in  low  to  medium  relief  on  a loose 
slab  of  greyish  brown  shale  from  Monkton,  Vermont.  We  choose  as  lectotype  the  specimen  illustrated  by  J. 
Hall  (1861,  pi.  12,  fig.  2)  (text-fig.  14a  herein). 


Horizon.  The  stratigraphic  level  of  the  type  slab  is  unknown,  since  no  associated  fauna  exists. 


Diagnosis.  A clonograptid  of  about  the  same  size  and  branching  density  as  C.  ridigus , but  with 
slightly  narrower  stipes  and  somewhat  more  closely  set  thecae,  mostly  12-  14  in  10  mm.  The  types 
present  a profile  view  throughout  the  rhabdosome.  No  cortical  thickening  has  been  observed.  There 
is  a sicular  bitheca  but  no  bithecae  along  the  stipes. 
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text-fig.  14.  Clonograptus  (Clonograptus)  milesi  (J.  Hall,  1861),  the  specimens  illustrated  by  J.  Hall  (1861), 
from  Monkton,  Vermont,  a,  AMNH  433/1-1,  the  lectotype.  B,  AMNH  433/1-2,  associated  with  the  lectotype. 
The  orientation  of  the  specimens  on  the  slab  is  such  that  the  thecae  of  both  specimens  point  in  the  same 

direction. 
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Redescription  of  type  material.  The  small  specimens  associated  with  the  types  reveal  some  previously  unknown 
details.  The  sicula  is  10-11  mm  long  and  0-25-0-3  mm  wide  near  the  aperture.  It  is  curved  so  as  to  make  a more 
or  less  symmetrical  pair  with  th  1 1 . A sicular  bitheca  is  present  (text-fig.  4d).  The  proximal  development 
appears  to  be  isograptid  (text-fig.  4e).  The  thecae  are  almost  straight  tubes,  expanding  somewhat  towards  the 
aperture  and  with  a distal  inclination  of  30-35° ; thecal  overlap  is  slightly  less  than  half,  giving  a deeply  indented 
appearance.  The  thecal  apertures  make  an  angle  of  70-90°  with  the  dorsal  margin,  the  variation  presumably 
being  caused  by  slight  tectonic  distortion.  The  same  mechanism  obviously  explains  the  variation  in  thecal 
density:  c.  11-5-13  thecae  in  10  mm  along  tension,  13-15  at  right  angles  to  this  direction.  The  first-order  stipes 
normally  consist  of  two  thecae  each,  but  three  and  one  have  also  been  observed.  The  two  first-order  stipes  are 
sometimes  of  unequal  length.  Throughout  the  rhabdosome,  lateral  stipe  width  is  0-35-0-4  mm;  stipes  are 
mostly  seen  in  profile,  when  they  are  0-6-0-75  mm  wide.  There  is  no  noticeable  cortical  thickening  in  any 
specimen.  There  are  no  bithecae  along  the  stipes. 

The  branching  pattern,  irregular  branching  intervals,  and  average  stipe  length  are  very  similar  to  those  of 
C.flexilis.  Second-order  stipes  consist  of  2-5  thecae,  higher  orders  are  greatly  variable : third  order  3-5—1 1-5  mm 
in  the  lectotype  and  3-5— 6-5  mm  in  the  other  type;  fourth  order  4 5-9-5  and  7-5-15  mm  respectively;  fifth 
order  7-31  mm  in  the  lectotype,  mostly  incomplete  in  the  other  specimen;  one  branching  to  seventh  order 
occurs  in  the  lectotype. 

The  angle  of  the  second  dichotomy  is  90-1 00°  and  of  the  third  50-95°.  The  great  spread  of  the  latter  is  probably 
caused  by  twisting  of  the  stipes,  wnich  already  show  thecae  in  profile  view  by  the  second  or  third  order.  All 
thecae  in  both  types  face  the  same  direction  (see  text-fig.  14),  and  the  types  are  oriented  on  the  slab  so  that  all 
thecae  face  the  same  way,  suggesting  a feature  of  burial. 

Discussion.  C.  milesi  shares  some  important  features  with  C.  rigidus : the  prolonged  first-order  stipes, 
the  short  sicula  (that  of  C.flexilis  is  almost  twice  as  long),  and  the  narrow  stipes,  but  it  is  of 
somewhat  smaller  dimensions  than  the  latter.  It  is  probably  the  closest  relative  to  C.  rigidus  among 
all  Clonograptus  species  described  so  far. 

Since  the  original  publication  of  C.  milesi  (J.  Hall  1861)  is  difficult  to  obtain,  and  because  only 
a proximal  detail  of  unknown  magnification  was  illustrated  by  Hall  (1865,  fig.  27),  there  has  been 
much  confusion  concerning  the  identity  of  the  taxon.  Actually,  the  species  seems  in  all  later 
instances  to  have  been  misidentified : no  unequivocal  material  except  the  type  slab  exists  to  our 
knowledge.  Could  this  be  due  to  an  unusual  mode  of  preservation  (see  p.  716)? 

Herrmann  (1882)  described  Dichograptus  (?)  Milesi  from  Norway,  based  on  Hall's  illustration 
(1865,  fig.  27).  He  did  not  have  access  to  the  original  description  (Hall  1861)  and  his  material  is 
conspecific  with  C.  multiplex.  Monsen  (1937)  used  Herrmann’s  initial  (1882)  concept  of  D.  (?)  Milesi 
even  though  he  later  changed  his  mind  and,  quite  correctly,  called  the  same  specimens  C.  multiplex 
(Herrmann  1886).  Obut  and  Sobolevskaya  (1962)  were  also  unaware  of  Hall’s  original  description, 
and  used  that  given  by  Monsen  (1937).  However,  the  Russian  species  is  not  C.  multiplex,  judging 
by  the  description  of  the  thecae.  The  description  by  Monsen  (1937)  was  unfortunately  reproduced 
by  Ruedemann  (1947),  along  with  an  illustration  of  G.  Milesi  from  Hall’s  original  publication. 

OTHER  SPECIES 

A number  of  additional  species,  most  of  which  we  have  not  been  able  to  study,  appear  from  description  or 
illustration  to  belong  to  Clonograptus  (Clonograptus)  = Clonograptus  s.s.  These  are  arranged  below  in 
decreasing  order  of  certainty.  Only  species  belonging  to  the  subgenus,  or  those  likely  to  do  so  on  better 
description,  are  mentioned.  We  have  not  considered  possible  synonymies  among  these  species. 

Clonograptus  (Clonograptus)  species 

(a)  Species  resembling  C.  (C.)  rigidus  are  C.  (C.)  yushanensis  (Chen  in  Chen  et  al.,  1983)  and  C.  (C.)  utahensis 
(Braithwaite,  1976).  C.  yushanensis  is  a narrow  form  with  straight  thecae.  Its  lateral  stipe  width  varies  from  03 
to  0-6  mm;  the  profile  width  is  slightly  less  than  1 mm  as  seen  in  the  illustration,  and  the  branching  intervals 
are  rather  close  to  those  of  C.  rigidus.  Braithwaite’s  (1976,  pi.  4,  fig.  15)  illustration  of  the  holotype  of  C. 
utahensis  shows  the  two  counterparts  arranged  in  a misleading  manner  - superficially  they  appear  to  constitute 
one  specimen  with  very  long  first-order  stipes.  His  other  figured  specimens  show  first-order  stipes  ranging  from 
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3 to  5 thecae.  The  species  resembles  C.  rigidus  in  thecal  density,  thecal  overlap,  and  profile  stipe  width,  while 
its  branching  intervals  resemble  C.  multiplex  more  closely. 

(b)  Species  resembling  C.  (C.)flexilis  are  C.  (C.)  trochograptoides  (Harris  and  Thomas,  1939)  and  C.  (C.) 
persistens  (Harris  and  Thomas,  1939).  Both  species  originate  from  the  Bendigonian  of  Victoria.  They  both  have 
thecae  of  normal  Clonograptus  s.s.  appearance,  and  also  a mode  of  branching  compatible  with  C.  fiexilis. 
C.  trochograptoides  is  a very  densely  branching  and  heavily  cortexed  form,  with  at  least  eleven  orders  of 
branching  (Cooper  1985);  C.  persistens  may  possibly  have  two  thecae  on  each  first-order  stipe,  like  C.  rigidus 
and  C.  milesi. 

We  have  studied  Clonograptus  sp.  of  Cooper  (1979,  pi.  2,  fig.  f)  and  found  the  specimen  to  be  very  similar 
to  C.flexilis,  differing  only  in  having  broader  stipes,  up  to  21  mm.  It  is  the  youngest  Clonograptus  s.s.  species 
we  have  encountered,  and  is  from  the  mid-Arenig  Isograptus  victoriae  lunatus  Zone  in  New  Zealand. 

(c)  Species  more  closely  allied  to  C.  (C.)  multiplex  are:  C.  (C.)  magnificus  (Pritchard,  1892);  C.  (C.)  sp.  A 
(Jackson,  1974);  C.  (C.)  spp.  B and  C (Kraft  and  Mergl,  1979);  ' Temnograptus  aff.  regularis ’ Cooper,  1979; 
and  probably  the  C.  sp  of  Gutierrez  Marco  (1982,  text-fig.  2 j)  = ‘ Clonograptus  ( Herrmannograptus ) cf.  milesi' 
of  Gutierrez  Marco  (1986,  pi.  9,  figs.  1-3). 

The  second  and  third  of  these  species  are  discussed  above  in  connection  with  C.  aff.  multiplex  and 
C.  multiplex , respectively.  C.  sp.  C of  Kraft  and  Mergl  occurs  with,  and  strongly  resembles,  their  C.  sp.  B, 
except  for  its  very  high  thecal  density  of  14-15  thecae  in  10  mm.  One  of  their  illustrations  of  C.  sp.  C (1979, 
pi.  2,  fig.  5)  shows  a ‘trichotomy’. 

C (C.)  magnificus  is  currently  being  studied  by  Gwynne  Morris  (Cambridge).  It  occurs  in  the  Lancefieldian 
2 of  Victoria  (Pritchard  1892)  and  corresponding  beds  of  New  Zealand  (Benson  and  Keble  1935).  It  is 
undoubtedly  the  largest  species  of  Clonograptus  s.s .,  reaching  a maximum  diameter  of  at  least  1 metre.  Apart 
from  the  gigantic  final  size  there  are  no  fundamental  differences  between  it  and  C.  multiplex.  A few  of  the 
Swedish  C.  multiplex  specimens  (see  text-figs.  8e,  9e,  and  10d)  have  second-order  stipes  of  almost  the  same 
length  as  that  of  Pritchard’s  (1892)  specimen.  The  final  size  of  C.  multiplex  is  unknown,  since  even  our  largest 
specimens  are  incomplete. 

‘ Temnograptus  aff.  regularis'  of  Cooper  (1979)  comes  from  the  Adelograptus  Zone  of  New  Zealand  and  is 
named  from  Tornquist’s  (1904)  species  ‘ Dichograptus  regularis' , which  we  synonymize  above  with  C.  multiplex. 
The  specimen  is  closely  similar  to  our  Swedish  C.  multiplex  fauna.  It  has  10  5 thecae  in  10  mm,  the  thecae  are 
apparently  of  C.  multiplex  type,  the  stipe  width  is  13  mm,  and  stipe  lengths  and  branching  angles  are  normal 
for  C.  multiplex.  Our  only  reason  for  not  synonymizing  the  New  Zealand  specimen  with  C.  multiplex  is  its 
greater  age,  as  shown  by  the  associated  species.  This  may  be  a parallel  case  to  C.  aff.  multiplex  described  above, 
i.e.  the  persistence  of  anisograptid  characters,  but  here  impossible  to  detect  due  to  flattening. 

C.  cf.  milesi  sensu  Gutierrez  Marco  has  very  little  cortical  thickening.  The  species  has  prolonged  first-order 
stipes  consisting  of  two  or  three  thecae.  Its  stipe  lengths  and  branching  pattern  strongly  resemble  those  of 
C.  multiplex.  The  species  is  reported  to  have  6-8  thecae  in  10  mm,  and  a stipe  width  of  0-5—1  -2  mm. 

No  bithecae  have  been  reported  in  any  of  the  above  species. 


Clonograptus  (Clonograptus?)  species 

(a)  Some  Lower  Arenig  forms  have  first  order  stipes  consisting  of  several  thecae.  The  type  species  and  C.  milesi, 
and  occasionally  other  species,  have  slightly  prolonged  first-order  stipes,  but  the  material  available  is 
insufficient  to  estimate  the  potential  variability  within  the  subgenus.  We  therefore  assign  the  following  two 
species  with  some  doubt  to  Clonograptus  s.s. : C.  (C.?)  sp.  A (Kraft  and  Mergl,  1979);  and  ‘ Temnograptus  sp.  ’ of 
Gutierrez  Marco  (1982,  text-fig.  2 k)  = ‘ Clonograptus  (Funiculograptus)  cf.  ramulosus'  of  Gutierrez  Marco 
(1986,  pi.  10,  figs.  1,  3,  6,  7). 

We  have  seen  one  specimen  of  'Funiculograptus'  (Gutierrez  Marco  1986,  pi.  10,  figs.  6,  7).  It  has  six  thecae 
on  each  first-order  stipe.  No  stipe  is  preserved  in  full  profile  view,  but  stipe  width  can  be  calculated  at  maximum 
1-2  mm.  There  are  12  thecae  in  10  mm.  Thecae  are  of  normal  dichograptid  appearance. 

Both  species  seem  most  closely  related  to  C.  multiplex , in  which  the  variation  in  first-order  stipe  length  is 
apparently  very  limited. 

(b)  Calamograptus  Clark,  1924,  was  included  in  Holograptus  by  Ruedemann  (1947),  whereas  Bulman  (1955, 
1970)  considered  it  to  be  the  closest  relative  of  Temnograptus.  We  propose  here  to  treat  Calamograptus  as  a 
synonym  of  Clonograptus,  provisionally  as  Clonograptus  ( Clonograptus ?). 

Calamograptus  porrectus,  the  only  species  of  the  genus,  derives  from  Levis,  Quebec,  where  it  was  found  at 
the  same  horizon  as  C.flexilis  and  T.  approximatus.  Its  mode  of  branching  resembles  that  of  C.  multiplex,  but 
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it  has  a very  thick  cortex  proximally,  obscuring  any  trace  of  thecae.  Clark  (1924)  described  the  thecae  found 
on  a distal  stipe,  noting  that  the  thecae  were  of  apparently  normal  dichograptid  type,  slightly  curved,  with  a 
high  degree  of  overlap,  and  were  spaced  8-8-5  in  10  mm.  The  distinguishing  character  of  the  genus,  as  given 
in  the  original  diagnosis,  is  successively  diminishing  stipe  lengths,  but.  in  reality,  too  few  specimens  are  known 
to  verify  this  as  a constant  character.  The  comparatively  long  second-order  stipes  did,  however,  permit  the 
growth  of  shorter  higher-order  stipes  without  causing  them  to  crowd  together. 

We  have  not  seen  the  types,  but  measurements  on  the  original  illustrations  give  a slightly  different  impression 
from  Clark’s  description.  He  recorded  lengths  of  47,  35,  30,  and  22  mm  for  second-  to  fifth-order  stipes, 
respectively,  with  the  reservation  that  the  latter  might  not  be  complete.  These  figures  must  have  been  maximum 
lengths;  our  own  measurements  indicate  30-44  mm,  25-34  mm,  and  24-26  mm  for  second-  to  fourth-order 
stipes,  respectively.  The  fourth-order  stipes  all  issue  from  a second-order  stipe  33  mm  long.  The  scale  of  the 
plate  may  not  have  been  given  correctly,  since  all  of  these  measurements  are  shorter  than  Clark's  values. 

Post-Tremadoc  Clonograptus  s.l.  species 

The  following  species  are  referred  to  Clonograptus  s.l.  due  to  the  lack  of  certain  diagnostic  characters: 

(a)  Thecae  unknown : C.  norvegicus  Monsen,  1937  and  C.  sp.  of  Berry  (1960,  pi.  5,  fig.  1 ).  Both  of  these  forms 
have  much  cortex  which  obscures  thecal  details  in  proximal  and  more  distal  parts. 

(b)  Proximal  part  unknown,  dichograptid  thecae,  and  a clonograplid  branching  pattern:  C.  ramulus  (J.  Hall, 
1865);  C.  noveboracensis  (Ruedemann,  1904);  C.  atheniensis  (Ruedemann,  1947).  The  validity  of  these  names 
is  questionable,  since  all  are  described  from  stipe  fragments  only.  C.  ramulus  has  been  found  in  the  T. 
approximate  Zone  at  Levis,  whereas  C.  noveboracensis  occurs  in  Lower  Ordovician  rocks  at  diverse  localities 
from  the  north-eastern  USA  to  Newfoundland.  C.  atheniensis  comes  from  the  basal  part  of  the  Athens  Shale, 
and  thus  is  considerably  younger  than  all  other  species. 

Tremadoc  Clonograptus  species 

We  have  paid  no  particular  attention  to  the  Tremadoc  species  of  Clonograptus , since  bithecae  can  be  presumed 
to  exist  along  the  stipes,  and  the  species  thus  not  be  referable  to  Clonograptus  s.s.  However,  there  is  at  least  one 
Upper  Tremadoc  species  without  any  other  bithecae  than  that  present  alongside  the  sicula,  namely  C.  aureus 
Jackson.  1973,  from  the  Yukon,  Canada.  The  bitheca  is  visible  in  his  fig.  2 a.  According  to  his  description,  the 
thecae  could  be  of  ' tenellus'  type,  so  we  hesitate  to  refer  it  to  Clonograptus  s.s. 
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PHYLOGENETIC  ANALYSIS  OF  THE  EARLY 
TABULATE  CORALS 

by  J.  M.  P ANDOLFI 


Abstract.  Phylogenetic  analysis  of  the  extinct  anthozoan  clade  Tabulata  yields  new  hypotheses  concerning 
their  pattern  of  diversification  in  the  Ordovician.  Two  separate  phylogenetic  analyses,  one  based  on  primitive 
rugose  corals  as  the  outgroup  (RUGSGRPS),  and  the  other  based  on  Lichenaria  as  the  ancestral  tabulate  coral 
(LICHGRPS)  yielded  different  phylogenies.  The  phylogenies  generated  are  broadly  different  from  previously 
proposed  phylogenies  based  on  possibly  subjective  morphological  interpretations,  and  on  biostratigraphical 
and/or  biogeographical  hypotheses  alone.  Character  analysis  based  on  consistency  index  (a  measure  of 
homoplasy  of  characters)  yielded  four  suites  of  morphological  characters:  (1)  suites  with  a high  consistency 
index  (Cl)  that  differentiate  major  groups;  (2)  suites  with  a high  Cl  that  differentiate  subgroups;  (3)  suites  with 
a low  Cl  that  differentiate  major  groups  and  (4)  suites  with  a low  Cl  that  differentiate  subgroups.  Therefore, 
Cl  does  not  necessarily  correspond  with  the  potential  for  differentiating  major  groups.  The  most  useful 
characters  in  differentiating  major  groups  of  Ordovician  tabulates  are  colony  architecture,  wall  thickness, 
mural  pores,  microstructure,  coralhte  shape,  and  coenenchyme,  whereas  those  not  particularly  useful  in 
differentiating  major  groups  are  tabulae,  septa,  rows  of  septal  spines,  columella,  and  stereozone.  The 
phylogenetic  analyses  corroborate  the  taxonomic  integrity  of  the  presently  defined  Auloporida,  Favositida, 
Halysitida,  Heliolitida  and  most  Sarcinulida  and  falsify  the  taxonomic  integrity  of  the  Chaetetida  and  the 
Lichenariida.  As  presently  defined  the  Halysitida  should  be  separated  from  the  Heliolitida. 

Perhaps  the  most  perplexing  problems  in  phylogenetic  reconstruction  are  those  in  which  the 
entire  taxon  under  study  is  extinct.  This  may  be  due,  in  part,  to  the  reliance  in  such  studies  upon 
strictly  hard-part  morphological  data,  which  are  usually  incomplete.  Although  study  of  the  pattern 
of  origination  of  a clade  has  the  potential  to  reveal  much  concerning  the  subsequent  evolutionary 
history  of  the  group,  relatively  few  cladistic  studies  deal  solely  with  the  patterns  of  character  state 
transitions  in  the  early  diversification  of  extinct  higher  clades.  Resolving  phylogenetic  relationships 
among  early  taxa  has  been  a major  problem  in  reconstructing  the  pattern  of  Cnidarian  radiations. 
In  this  paper,  1 provide  a phylogenetic  analysis  of  the  earliest  representatives  of  the  extinct  subclass 
Tabulata  (Phylum  Cnidaria)  in  an  effort  to  identify  the  pattern  of  character  state  evolution  during 
their  Ordovician  radiation. 

One  goal  of  the  phylogenetic  analysis  is  to  test  Scrutton’s  (1984)  phylogenetic  reconstruction 
of  the  Ordovician  tabulate  coral  genera.  He  utilized  biogeographical,  biostratigraphical  and 
morphological  information  in  constructing  his  phylogeny  of  the  early  tabulates.  In  his  morpho- 
logical analysis,  he  used  a modified  criterion  of  parsimony  in  which  certain  morphological 
characters  were  weighted  in  certain  clades.  The  phylogenetic  analysis  presented  here  is  based  strictly 
on  morphological  character  state  transformations  in  which  parsimony  is  used  with  no  weighting  of 
specific  characters. 

Two  phylogenetic  analyses  of  the  same  data  matrix  are  presented.  The  first  phylogenetic  analysis 
utilizes  the  most  primitive  Ordovician  rugose  corals  (Scrutton  1979;  Sytova  1977;  Webby  1971)  as 
the  outgroup.  In  addition,  because  Lichenaria  has  been  proposed  as  the  ancestral  tabulate  coral  and 
provides  the  starting  point  for  many  phylogenetic  reconstructions  of  tabulate  corals  (Flower  1961 ; 
Flower  and  Duncan  1975;  Scrutton  1979,  1984),  I have  conducted  a phylogenetic  analysis  in  which 
Lichenaria  is  identified  as  the  ancestor;  that  is,  an  analysis  in  which  all  the  character  states  possessed 
by  Lichenaria  are  considered  primitive  with  respect  to  all  the  other  Ordovician  taxa.  I present  the 
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results  from  these  two  analyses  in  the  form  of  Adams  (1972)  consensus  trees  with  the  goal  of 
providing  a set  of  phylogenetic  hypotheses. 

I stress  that  the  resultant  phylogenetic  trees  presented  here  are  only  hypotheses.  Due  to  the  large 
number  of  taxa  and  characters  utilized  in  the  analyses  presented  below,  a ‘solution’  based  on 
maximum  parsimony  cannot  be  obtained  with  current  available  resources.  Therefore,  there  is  no 
certainty  that  the  results  presented  here  represent  the  true  genealogical  relationships  of  the  earliest 
tabulate  corals.  Their  strength  lies  in  the  fact  that  they  represent  a set  of  phylogenetic  hypotheses 
which  are  based  entirely  on  morphological  information  which  can  now  be  evaluated  with  respect 
to  others  types  of  information  such  as  stratigraphy  and  biogeography.  In  addition,  it  is  hoped  that 
this  information  will  be  useful  to  specialists  dealing  in  evolutionary,  functional  and  homology 
questions  in  corals. 

PREVIOUS  STUDIES 

Perhaps  the  two  most  frequently  cited  ancestral  taxa  for  Tabulata  are  Aulopora  and  Lichenaria. 
Sokolov  (1962)  suggested  a pre-Ordovician  separation  of  what  he  considered  the  two  most  primitive 
tabulates,  the  lichenariids  and  the  auloporids.  Initially,  Scrutton  (1979)  also  favoured  a pre- 
Ordovician  separation  of  these  two  groups,  but  because  the  earliest  records  of  auloporids  are 
uncertain,  he  now  considers  Lichenaria  the  ancestral  tabulate  coral  (Scrutton  1984).  Flower  (1961) 
and  Flower  and  Duncan  (1975)  also  regarded  Lichenaria  as  ancestral  to  all  tabulate  corals  and 
believed  Aulopora  evolved  from  the  lichenariids  through  Eofletcheria.  Many  workers  recognize 
Lichenaria  as  the  ancestral  tabulate  coral  (Flower  1961 ; Flower  and  Duncan  1975;  Scrutton  1979), 
principally  because  Lichenaria  is  the  only  tabulate  coral  reported  from  strata  of  Early  Ordovician 
age  (but  see  Sokolov  1955,  1962,  for  possible  occurrence  of  Early  Ordovician  Aulopora).  In  contrast 
to  these  authors,  Laub  (1984)  considered  most  early  occurrences  of  Lichenaria  as  doubtful  and 
therefore  questioned  the  pre-eminent  role  of  Lichenaria  in  the  early  evolution  of  tabulate  corals. 

In  contrast  to  Lichenaria  as  the  ancestral  tabulate  coral,  many  authors  consider  Aulopora  and/or 
its  relatives  ancestral  (Sokolov  1955,  1962;  Ivanovskii  1965;  Bondarenko  1966).  There  are  two  lines 
of  reasoning  offered  in  support  of  this  hypothesis.  First,  Sokolov  (1962,  p.  208)  reported  Aulopora 
from  the  Lower  Ordovician  of  southern  Siberia  and  the  Baltic  area,  even  though  the  specimens  have 
never  been  figured.  Second,  its  morphological  characteristics  and  similarity  to  Cambrian  tabulate- 
like  organisms,  such  as  Protoaulopora , suggest  to  some  workers  that  it  is  a very  primitive  tabulate 
coral  (Sokolov  1955).  Tube  diameters  of  around  01  mm,  however,  may  indicate  an  unlikely 
relationship  to  the  corals  (Scrutton,  pers.  comm.  1988). 

Hill  (1981)  provided  the  most  recent  classification  for  tabulate  corals.  She  divided  the  Ordovician 
taxa  into  several  orders.  A comparison  of  her  classification,  and  that  presented  in  Scrutton  (1984), 
with  the  results  from  the  phylogenetic  analyses  are  presented  on  page  760. 


MATERIAL  AND  METHODS 

Phylogenetic  analysis 

Several  methods  for  determining  polarity  of  character  state  transformations  are  available  to  phylogenetic 
analysis:  the  ontogenetic  method  (Nelson  1978;  Nelson  and  Platnick  1981 ; Patterson  1982,  1983;  Kluge  1985; 
de  Queiroz  1985)  the  palaeontological  method  (Harper  1976;  Szalay  1977  a , 6,  c;  Gingerich  and  Schoenmger 
1977;  Gingerich  1979),  biogeography  (Nelson  and  Platnick  1981 ; Wiley  1981),  the  functional  approach  (Fisher 
1982),  and  outgroup  comparison  (Lundberg  1972;  Stevens  1980;  Watrous  and  Wheeler  1981;  Wiley 
1981 ; Farris  1982;  Maddison  et  al.  1984).  Whereas  the  theoretical  rationales  for  these  methods  are  the  subject 
of  intense  debate  (e.g.  Nelson  1978,  1985;  Nelson  and  Platnick  1981;  de  Queiroz  1985),  in  practice,  many 
workers  use  the  methodology  that  will  provide  the  maximum  amount  of  information  from  their  particular  data 
set. 

For  palaeobiologists  working  with  extinct  taxa,  each  of  these  methodologies  poses  additional  limitations 
that  are  either  not  experienced  by  neontologists,  or  are  only  slight  inconveniences  when  extinct  taxa  are  added 
to  an  analysis  of  living  organisms.  Quite  often,  preservation  of  ontogenetic  sequences  in  the  fossil  record  is 
insufficient  for  meaningful  comparisons  to  be  made.  In  addition,  if  critical  taxa  are  not  preserved,  the 
ontogenetic  method  may  give  erroneous  results  (de  Queiroz  1985). 
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The  limitations  of  the  palaeontological  method  are  well  known  (Nelson  and  Platnick  1981 ; Patterson  1981) 
and  also  stem  from  the  lack  of  control  of  missing  taxa.  Of  course,  the  reliability  of  determining  the  relative 
timing  of  appearance  of  character  states  increases  over  longer  intervals  of  geological  time.  The  palaeontological 
method  has  been  reduced  to  a special  case  of  the  outgroup  method  (de  Queiroz  1985). 

The  outgroup  method,  used  in  the  present  paper,  and  the  ontogenetic  method  are  the  most  widely  agreed 
upon  methods.  Development  in  early  tabulate  corals  is  poorly  known  and  this  precluded  the  use  of  the 
ontogenetic  method  in  this  study.  I chose  to  ignore  strictly  stratigraphical  and  biogeographical  data  in  my 
phylogenetic  methodology  so  that  palaeontological  hypotheses  already  formulated  could  be  compared  with 
hypotheses  based  only  on  morphology.  The  only  exception  to  this  is  the  choice  of  an  outgroup:  scleractinian 
corals  were  excluded  from  outgroup  analysis  because  both  the  tabulate  and  rugose  corals  appeared  in  the 
Lower  Palaeozoic,  whereas  the  scleractinian  corals  did  not  appear  until  the  Middle  Triassic  (some  300  myr 
later). 

In  the  analysis  of  the  orgination  of  a clade,  added  assumptions  imposed  on  primitive  taxa  may  unnecessarily 
constrain  plausible  evolutionary  pathways.  Therefore,  the  criterion  implemented  for  evaluating  phylogenetic 
relationships  was  parsimony,  specifically  global  parsimony  (as  defined  by  Maddison  et  al.  1984)  in  which  both 
character  state  reversals  and  convergences  are  allowed.  This  methodology  entails  the  least  number  of 
assumptions,  as  opposed  to  other  parsimony  methodologies  such  as  the  Dollo  (only  a single  origination  of  a 
character  state  is  permitted;  Farris  1977)  or  Camin-Sokal  (reversal  from  derived  character  state  back  to  an 
ancestral  one  is  prohibited;  Camin  and  Sokal  1965).  In  a group  as  morphologically  simple  as  the  tabulate 
corals,  character  states  may  have  evolved  several  times  or  may  have  reverted  back  to  ancestral  states  many 
times  early  in  their  evolution.  Thus,  only  global  parsimony  was  used  as  the  criterion  for  arriving  at  a suitable 
phylogeny. 

I used  the  Phylogenetic  Analysis  Using  Parsimony  (PAUP)  (Version  2.4.1)  program  written  by  David 
Swofford  of  the  Illinois  Natural  History  Survey.  The  PAUP  subroutine  MULPARS  searches  for  multiple 
equally  parsimonious  trees  through  branch-swapping.  Several  preliminary  runs  through  the  program  without 
the  MULPARS  option  revealed  close  correspondence  between  the  two  optimization  options,  FARRIS  and 
MINF.  FARRIS  and  MINF  are  two  methods  of  assigning  character  states  to  hypothetical  taxonomic  units 
(HTU)  along  the  tree.  FARRIS  optimization  is  presented  in  Farris  (1970).  MINF  optimization  assigns 
character  states  to  the  hypothetical  taxonomic  units  so  that  the  f-value  of  Farris  (1972)  is  minimized,  but  the 
HTUs  may  only  take  states  observed  in  at  least  one  of  the  taxa  under  study  and  the  tree  length  must  be 
minimal  (Swofford  1985).  Because  FARRIS  could  give  ambiguous  results  when  the  tree  was  rooted  by  an 
ancestor  (e.g.  Lichenaria ) (Swofford  1985),  MINF  was  utilized  in  the  analyses  presented  in  this  paper. 

PAUP  provides  a consistency  index  for  both  trees  and  individual  characters.  The  consistency  index  of  a tree 
is  a measure  of  the  consistency  of  a particular  tree  to  a data  set.  It  is  the  sum,  over  all  the  characters,  of  the 
range  of  each  character  divided  by  the  tree  length  for  all  characters  (Kluge  and  Farris  1969).  The  range  of  a 
character  is  equivalent  to  the  minimum  length  of  a tree  computed  for  that  character  only  (Swofford  1985).  The 
consistency  index  for  an  individual  character  is  the  minimum  tree  length  calculated  based  on  that  character 
divided  by  the  actual  tree  length  computed  based  on  the  character.  Each  equally  parsimonious  tree  is 
topologically  distinct,  but  possesses  the  same  number  of  character  state  changes  ( — tree  length)  and  the  same 
consistency  index. 

In  all  analyses  conducted  using  MULPARS  the  upper  limit  of  100  equally  parsimonious  trees  was  found. 
It  was  therefore  necessary  to  find  any  common  topologies  contained  within  all  the  minimum  length  trees.  I used 
the  CONTREE  program  written  by  Swofford  which  accompanies  PAUP  to  compute  two  types  of  consensus 
trees:  the  Adams  (1972)  consensus  tree  and  the  strict  consensus  tree  of  Rohlf  (1982).  The  goal  of  a consensus 
tree  is  to  represent  only  the  information  that  is  common  to  all  of  the  equally  parsimonious  trees.  In  strict 
consensus  trees  (Rohlf  1982),  only  those  groups  that  appear  on  every  equally  parsimonious  cladogram  appear 
on  the  tree.  In  Adams  (1972)  consensus  trees,  both  groups  that  appear  on  every  equally  parsimonious 
cladogram  and  groups  which  are  intersections  of  groups  found  in  all  the  original  trees  will  appear.  Because  the 
Adams  (1972)  consensus  tree  provided  a more  resolved  phylogeny  than  the  Rohlf  (1982)  strict  consensus  tree, 
and  because  the  Adams  (1972)  trees  may  be  more  powerful  in  detecting  agreement  among  trees  (Carpenter 
1987),  I examined  the  Adams  trees  to  trace  character  state  transitions  and  to  define  groups  within  the  ingroup. 
Because  consensus  trees  may  not  account  for  the  morphological  data  as  well  as  any  of  the  equally  parsimonious 
trees  (i.e.  they  are  derived  from  fundamental  cladograms  as  opposed  to  the  original  data,  Miyamoto  1985; 
Carpenter  1987).  I present  the  consensus  trees  only  as  a set  of  phylogenetic  hypotheses  which  should  undergo 
further  testing,  and  not  as  the  solution  to  the  phylogeny  of  early  Ordovician  Tabulata.  The  Rohlf  (1982)  strict 
consensus  trees  computed  are  available  upon  request  from  the  author. 
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table  I . Character  states  and  codes  for  tabulate  coral  characters  used  in  the 
LICHGRPS  and  RUGSGRPS  analyses 


Character 

number  Character  name  Character  state  Code 


1 

Tabulae 

Absent 

0 

Present 

1 

2 

Tabulae  shape 

Horizontal 

0 

Sub-horizontal 

1 

Infundibuliform 

2 

3 

Colony  architecture 

Cerioid 

0 

Phaceloid 

1 

Conical/trochoid 

2 

Cateniform 

3 

Reptant 

4 

Dendroid 

5 

Coenosteoid 

6 

4 

Wall  thickness,  (relative  to 

Thin 

0 

corallite  diameter) 

Thick 

1 

Thin  axially;  thick  at  surface 

2 

5 

Mural  pores 

Absent 

0 

Present 

1 

Pore  canals 

2 

6 

Septa 

Absent 

0 

Present 

1 

7 

Microstructure 

Non-trabeculate 

0 

Trabeculate 

1 

8 

Corallite  shape 

Polygonal 

0 

Rounded 

1 

Subquadrate 

2 

Stellate 

3 

Elliptical 

4 

9 

Coenenchyme 

Absent 

0 

Present 

1 

10 

Pore  arrangement 

Vertical  rows 

0 

Sparse 

1 

Horizontal  rows 

2 

1 1 

Rows  of  spines 

Absent 

0 

Present 

1 

12 

Longitudinally  corrugated 

Absent 

0 

walls 

Present 

1 

13 

Transversely  crenulated  walls 

Absent 

0 

Present 

1 

14 

Columella 

Absent 

0 

Present 

1 

15 

Orders  of  septa 

One 

0 

Two 

1 

16 

Stereozone 

Absent 

0 

Present 

1 

17 

Vertical  tubuli 

Absent 

0 

Present 

1 

18 

Diaphragms 

Absent 

0 

Present 

1 

19 

Horizontal  tubules 

Absent 

0 

Present 

1 
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TABLE  1.  (COIU.) 


Character 

number  Character  name 

Character  state 

Code 

20 

Corallum 

Solitary 

0 

Colonial 

1 

21 

Fossula 

Absent 

0 

Present 

1 

22 

Septal  insertion 

Random 

0 

In  quadrants 

1 

23 

Pore  location 

Corner 

0 

Wall 

1 

Corner  and  wall 

2 

Ingroup 

The  ingroup  includes  only  those  thirty-seven  Ordovician  tabulate  genera  of  Scrutton  (1984,  fig.  1)  with  an 
additional  taxon  for  Eofletcheria , an  early  non-trabeculate  form  without  septa  and  a later  trabeculate  form 
with  septa.  The  problematic  tetradiid  group  was  not  included  in  the  analysis  because  their  taxonomic 
placement  has  been  questioned  (e.g.  Scrutton  1979,  1984).  In  addition,  because  their  morphology  is  so  poorly 
understood,  many  characters  would  be  represented  as  missing  data,  producing  unreliable  results.  In  addition 
to  the  38  ingroup  taxa,  3 separate  outgroup  taxa  were  included. 


Outgroups 

The  selection  of  an  outgroup  is  based  on  finding  the  sister  group  that  shares  a most  recent  common  ancestor 
with  the  ingroup  (Wiley  1981).  Two  phylogenetic  analyses  were  undertaken.  In  the  first  the  most  primitive 
Ordovician  rugose  corals  are  the  outgroup  (RUGSGRPS)  and  in  the  second  Lichenaria  is  the  ancestor 
(LICHGRPS). 

I conducted  a phylogenetic  analysis  (RUGSGRPS)  using  what  many  workers  consider  the  three  most 
primitive  Ordovician  rugose  corals,  Hillophyllum,  Lambeophyllwn , and  Primitophyllum  (Webby  1971 ; Sytova 
1977;  Scrutton  1979)  as  an  outgroup.  I also  considered  using  Cothonion , quite  possibly  a Cambrian  rugose 
coral,  but  it  is  too  poorly  known  at  present  to  be  regarded  as  a true  rugosan  (Scrutton  1979;  Hill  1981). 
Regardless  of  whether  the  Rugosa  were  derived  from  the  Ordovician  tabulate  corals  (Flower  1961 ; Sokolov 
1962;  Webby  1971;  Flower  and  Duncan  1975)  or  the  tabulate  and  rugose  corals  evolved  from  the  same 
ancestral  stock  in  the  Ordovician  (Weyer  1973;  Sytova  1977)  or  a common  ancestry  existed  among  their  soft 
bodied  Cambrian  precursors  (Scrutton  1979,  1984),  the  Palaeozoic  corals  are  closely  related,  and  the  primitive 
rugosans  provide  a logical  choice  for  an  outgroup. 

Most  phylogenetic  reconstructions  composed  by  evolutionary  systematists  have  depicted  a Lichenaria 
ancestor,  from  which  all  later  taxa  were  derived.  I conducted  a second  phylogenetic  analysis  (LICHGRPS) 
using  Lichenaria  as  the  ancestor  to  compare  phylogenetic  trees  constructed  by  previous  workers  based  on  a 
lichenariid  ancestor  with  those  obtained  from  a phylogenetic  analysis. 

A third  possible  outgroup  might  have  involved  a number  of  tabulate-like  organisms  reported  from  Cambrian 
strata.  These  tabulatomorph  corals  have  not  been  previously  incorporated  in  phylogenetic  analyses  for  two 
reasons:  first,  they  occur  nearly  70  myr  earlier  than  the  earliest  accepted  tabulate,  and  because  of  such  a large 
time  interval  have  caused  workers  to  perceive  their  evolution  as  not  closely  tied  with  tabulate  coral  evolution ; 
and  second,  their  paucity  and  poor  state  of  preservation  have  discouraged  detailed  morphometric  analyses. 
Although  most  cases  of  Cambrian  zoantharians  are  questionable  (Hill  1981),  further  discoveries  and  detailed 
palaeobiological  investigations  of  such  genera  as  Cambrotrypa  and  Protoaulopora  may  lead  to  the 
substantiation  of  a Cambrian  coral  fauna  (Scrutton  1979).  I have  not  evaluated  the  phylogenetic  position  of 
Cambrian  tabulatomorphs  in  this  paper  for  the  reasons  discussed  above,  but  acknowledge,  with  Scrutton 
(1984),  that  this  remains  a promising  field  for  future  phylogenetic  research. 
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Characters  and  character  states 

Twenty  characters  were  used  in  the  LICHGRPS  analysis  and  23  characters  were  used  in  the  RUGSGRPS 
analysis.  Table  1 gives  the  characters,  character  states,  and  codes  used  in  the  phylogenetic  analysis  and 
the  appendix  gives  the  coded  data  matrix.  Morphological  character  states  were  obtained  from  Flower  (1961), 
Hill  (1981),  Pandolh  (1985),  Scrutton  (1979,  1984),  Sokolov  (1962),  and  original  descriptions  where  necessary. 
Multistate  characters  are  unordered  in  the  analysis.  All  characters  are  weighted  equally. 

It  is  important  to  note  the  extreme  influence  of  choice  of  characters  and  character  states  in  the  analysis.  I 
chose  the  characters  on  the  basis  of  their  being  reported  in  systematic  descriptions  of  the  taxa,  and  upon  how 
well  understood  they  are.  For  example,  corallite  increase  and  presence/absence  of  an  axial  plate,  although  well 
understood  in  many  early  taxa,  are  not  sufficiently  known  or  reported  in  the  majority  of  the  taxa  under  study 
here  to  include  in  the  phylogenetic  study. 

When  dealing  with  taxa  at  the  generic  level,  different  states  for  the  same  character  can  coexist  among 
congeneric  species;  character  states  for  taxa  displaying  polymorphism  in  a particular  character  were  chosen  to 
be  those  that  were  the  most  widely  distributed  throughout  the  congeneric  species.  Many  character  states  were 
taken  from  the  Treatise  where  some  terms  are  overlapping;  hence  in  the  character  tabulae  shape,  the  character 
states  ‘slightly  arched  or  saucered'  and  ‘ subhorizontal ’ and  ‘edges  upturned  slightly’  are  all  distinguished  from 
one  another  in  the  Treatise,  but  are  here  treated  as  the  character  state  ‘subhorizontal’.  In  addition,  it  is  almost 
certainly  true  that  some  of  the  characters  are  not  homologous.  For  example,  the  origin  of  wall  pores  may  be 
distinct  in  the  heliolitids  versus  the  favositids,  yet  both  taxa  were  scored  according  to  presence  or  absence  of 
‘mural  pores’.  In  addition,  all  forms  of  tabulate  septa  may  not  be  homologous  (Scrutton,  pers.  comm.  1987), 
and  it  seems  as  if  the  homology  of  coenenchyme  among  early  tabulates  also  must  be  assessed. 

Finally,  in  the  appendix  there  are  question  marks  representing  either  missing  data  or  inapplicable  character. 
For  example  only  taxa  which  are  coenenchymate  (character  9)  may  possess  the  characters  ‘vertical  tubuli’ 
(character  17)  and  ‘diaphragms’  (character  18).  Therefore,  to  avoid  an  unnecessarily  weighted  analysis  (by 
virtue  of  coenenchyme  being  represented  by  three  characters  instead  of  one)  and  for  the  coenenchyme 
characters  to  be  applicable  to  only  the  coenenchymate  taxa,  question  marks  are  used  for  characters  17  and  18 
for  non-coenenchymate  bearing  taxa.  A similar  situation  arises  with  mural  pores  (characters  5,  10  and  23)  and 
septa  (characters  6,  11,  15  and  22). 


RESULTS 

The  two  phylogenetic  analyses  were  each  run  both  with  and  without  MULPARS.  Table  2 gives  the 
tree  lengths  and  consistency  indices  for  these  two  analyses  and  for  a tree  whose  topology  is 
consistent  with  that  presented  by  Scrutton  (1984,  text-fig.  1,  p.  1 13).  In  the  results  presented  below, 
a Wagner  neighbourhood  refers  to  three  taxa  joined  together  at  a single  node,  two  of  which  are 
more  closely  related  to  each  other  than  either  is  to  the  third  (Brooks  1984). 

Primitive  rugosans  as  outgroup  ( RUGSGRPS ) 

In  an  analysis  undertaken  with  MULPARS,  at  least  100  equally  parsimonious  trees  were  found, 
each  having  a tree  length  of  81  and  a consistency  index  of  0-444  (Table  2).  A consensus  tree  based 
on  the  100  trees  was  obtained  using  CONTREE.  In  the  Adams  consensus  tree  (text-fig.  1),  four 
major  groupings  within  the  ingroup  can  be  differentiated.  These  are:  Group  I - the  auloporids, 
early  Eofietcheria , and  the  halysitids  (text-fig.  2),  Group  II  - Adaverina  and  forms  with  horizontal 
connections  between  modules  (corallites)  (text-fig.  2),  Group  III  - cerioid  colonies  with  polygonal 
corallites,  with  or  without  mural  pores  (text-fig.  3)  and  Group  IV  - coenenchymate  taxa  (text-fig.  4). 
All  groups  are  unresolved  with  respect  to  each  other  and  with  respect  to  Reuschia , later 
Eofietcheria , Kolymopora  and  Tollina  (text-fig.  1). 

Lichenaria  as  outgroup  ( LICHGRPS ) 

In  an  analysis  undertaken  with  MULPARS,  at  least  100  equally  parsimonious  trees  were  found, 
each  having  a tree  length  of  72  and  consistency  index  of  0-431  (Table  2).  A consensus  tree  based  on 
the  100  trees  was  obtained  using  CONTREE.  In  the  Adams  consensus  tree  (text-fig.  5),  five  major 
groupings  within  the  ingroup  can  be  differentiated.  These  are:  Group  A - Saffordophyllum, 
Manipora , and  cerioid  thin-walled  taxa  with  or  without  mural  pores  (text-fig.  6);  Group  B - thick- 
walled  taxa  lacking  mural  pores  (text-fig.  7);  Group  C - the  auloporids,  early  Eofietcheria , and  the 
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table  2.  Tree  lengths  and  consistency  indices  for 
LICHGRPS.  RUGSGRPS,  and  tree  proposed  in 
Scrutton  (1984).  Identical  values  were  obtained 
with  and  without  MULPARS 


Tree 

Consistency 

Root 

length 

index 

Lichenaria  (ancestor) 

72 

0431 

Primitive  Ordovician 

81 

0444 

rugosans  (outgroup) 
Scrutton  (1984) 

96 

0-323 

topology 

halysitids  (text-fig.  2);  Group  D - Adaverina  and  forms  with  horizontal  connections  between 
corallites  (text-fig.  2)  and  Group  E - coenenchymate  taxa  (text-fig.  4). 


text-fig.  1.  Adams  (1972)  consensus  tree  for  RUG- 
SGRPS phylogenetic  analysis.  Groups  I— IV  are 
shown  in  text-figs.  2-4.  The  outgroup  includes  the 
Ordovician  rugose  coral  genera  Primitophyllum, 
Lambeophyllum,  and  Hillophyllum.  See  Table  1 for 
character  states  and  codes. 


DISCUSSION 

The  goal  of  the  phylogenetic  analyses  presented  here  is  threefold : 1,  to  compare  existing  phytogenies 
to  an  analysis  based  on  cladistic  methodology,  2,  to  determine  the  homology  of  morphological 
characters  of  tabulate  corals  by  evaluating  patterns  of  character  consistency  among  the  early 
tabulate  corals,  and  3,  to  compare  the  phylogenetic  analysis  with  current  classification  schemes  of 
the  Tabulata. 

Phylogenetic  analysis 

RUGSGRPS  analysis.  Group  I is  a trichotomy  which  includes  the  aporous,  aseptate  auloporids,  the 
aporous  cateniform  halysitids,  and  early  Eofletcheria  (text-fig.  2).  Auloporids  have  been  suggested 
by  some  workers  to  be  ancestral  to  all  tabulate  corals,  primarily  because  of  the  presence  of 
Protoaulopora  in  the  Cambrian  (e.g.  Sokolov  1955,  1962;  Bondarenko  1966).  However,  most 
western  workers  have  not  placed  much  confidence  in  drawing  phylogenies  based  on  Cambrian 
occurrences  of  tabulate-like  animals  and  have  envisaged  auloporids  descending  through  Eofletcheria 
(Hill  1953;  Flower  1961;  Flower  and  Duncan  1975;  Scrutton  1984).  The  phylogenetic  analysis 
presented  here  does  not  falsify  a close  phylogenetic  relationship  between  the  auloporids  and 
Eofletcheria. 
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Group  I - RUGSGRPS  Group  II  - RUGSGRPS 
Group  C - LICHGRPS  Group  D - LICHGRPS 


l— 1 r\r '->1  T i iki  iIt^a  T ovn 


text-fig.  2.  Adams  (1972)  consensus  tree  of  Group  I 
and  Group  II  in  the  RUGSGRPS  analysis  and 
Groups  C and  D in  the  LICHGRPS  analysis.  Groups 
I and  C consist  of  the  halysitids  with  cateniform 
colony  architecture,  and  members  of  the  Auloporida 
( sensu  Hill  1981).  Groups  II  and  D consist  of  the 
horizontal  tubulate  taxa  and  the  aulocystid  Ada- 
verina.  Note  that  Groups  I and  II  and  all  other 
groups  in  the  RUGSGRPS  analysis  are  unresolved 
with  respect  to  one  another.  They  are  shown  together 
here  for  brevity’s  sake.  See  Table  1 for  character 
states  and  codes. 


The  Catenipora  Wagner  neighbourhood  is  resolved  because  Halysites  and  Catenipora  both 
possess  septa,  whereas  Quepora  does  not.  The  evolution  of  Catenipora  from  Quepora , proposed  by 
numerous  workers  (Flower  1961 ; Flower  and  Duncan  1975;  Scrutton  1984),  is  not  falsified  by  the 
cladogram  (test-fig.  2). 

Group  II  is  composed  of  Adaverina , and  the  taxa  with  horizontal  connecting  tubes  (test-fig.  2). 
These  aporous,  non-cerioid  taxa  possess  septa  in  rows  and  all  except  Adaverina  possess  horizontal 
tubes  and  lack  a stereozone  (text-fig.  2).  Labyrinthites  and  Syringoporinus  are  united  by  virtue  of 
lacking  septa,  Troedssonites  forms  a sister  group  to  these  2 taxa  by  virtue  of  sub-horizontal  tabulae, 
and  Syringopora  forms  a sister  group  to  these  three  taxa  by  virtue  of  possessing  horizontal  tubes 
(text-fig.  2). 

Relationships  within  cerioid  taxa  with  polygonal  corallites  comprising  Group  III  can  be  resolved 
by  wall  thickness  and  curvature,  septa,  and  development  of  mural  pores  (text-fig.  3).  The  unresolved 
trichotomy  composed  of  Lichenaria , Saffordophyllum,  and  Manipora  is  based  on  their  possession  of 
sparse  mural  pores  and  longitudinal  wall  corrugations.  The  close  phylogenetic  association  of  these 
three  taxa  is  agreed  upon  by  most  workers  (Flower  1961 ; Flower  and  Duncan  1975;  Scrutton  1979, 
1984)  and  is  not  falsified  by  the  RUGSGRPS  phylogenetic  analysis.  Favosites  and  Paleofavosites 
share  a common  ancestry  on  the  basis  of  the  synapomorphies  mural  pores  in  vertical  rows,  rows  of 
septal  spines,  and  horizontal  tabulae.  The  notion  that  Saffordophyllum  is  ancestral  to  the  favositids 
(Scrutton  1984)  is  not  falsified  by  the  phylogenetic  analysis  because  the  Lichenaria  trichotomy  is 
unresolved  with  respect  to  the  Paleofavosites / Favosites  and  Lamottia / Trabeculites  branches  (text- 
fig.  3). 

Paleofavosites  and  Favosites , along  with  Lessnikovea , are  the  only  taxa  in  Group  III  that  have 
septa  in  rows.  The  trichotomy  represented  by  the  Lichenaria  trichotomy,  Lessnikovea , and 
the  Paleofavosites/ Favosites  and  Lamottia/  Trabeculites  branch  is  derived  with  respect  to 
Foerstephyllum  (text-fig.  3).  Flower  (1961)  and  Flower  and  Duncan  (1975)  believed  Foerstephyllum 
to  be  of  primary  importance  in  the  later  evolution  of  tabulate  and  perhaps  rugose  corals. 

Closely  associated  with  these  thin-walled  cerioid  taxa  are  the  thick-walled,  septate,  cerioid 
Billingsaria , Lyopora , and  Nyctopora.  Lyopora  has  been  suggested  to  have  evolved  from  Billingsaria 
(Scrutton  1984)  but  in  the  RUGSGRPS  phylogenetic  analysis.  Lyopora  seems  to  be  more  closely 
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text-fig.  3.  Adams  (1972)  consensus  tree  of  Group 
III  in  the  RUGSGRPS  phylogenetic  analysis.  Group 
III  is  represented  by  taxa  with  a cerioid  colony 
architecture,  thin-  or  thick-walled,  with  the  mural 
pore-bearing  taxa  derived  with  respect  to  the  aporous 
taxa.  See  Table  1 for  character  states  and  codes. 


2(0);  3(0).  4(1);  5(0); 
6(1);  7(1);  8(0) 


related  to  Nyctopora  than  either  is  to  Billingsaria  (text-fig.  3).  Contrary  to  Scrutton  (1984), 
Eofletcheria  does  not  appear  to  be  associated  with  these  thick-walled  taxa. 

Group  IV  is  united  by  the  character  coenenchyme.  The  relationships  within  Group  IV  are  unique 
to  the  present  analysis  and  are  preliminary  because  many  of  the  apomorphic  characters  of 
coenenchymate  taxa  were  not  included  in  the  analysis.  For  example,  Webby  and  Kruse  (1984) 
provided  morphological  data  on  the  various  types  of  coenenchyme  which  suggested  to  them  that 
Coccoseris  gave  rise  to  Heliolites  which  in  turn  gave  rise  to  Propora  and  Plasmoporella.  However, 
text-fig.  4 shows  Coccoseris  to  be  more  closely  related  to  Plasmoporella  than  either  is  to  either 
Heliolites  or  Propora.  More  data  are  needed  to  evaluate  Webby  and  Kruse’s  (1984)  claims.  The 
stratigraphical  evidence  offered  by  Webby  and  Kruse  (1984)  should  be  corroborated  by  other 
sections. 

Morphological  characters  useful  in  differentiating  coenenchymate  taxa  were  tabulae,  columella, 
mural  pores,  and  diaphragms  (text-fix.  4).  Within  Group  IV  a polychotomy  exists  between  Propora , 
Heliolites , and  the  rest  of  the  coenenchymate  taxa.  These  latter  taxa  are  highly  resolved  into  two 
sister  groups  (text-fix.  4).  One  group  possesses  mural  pores  (with  the  exception  of  Sarcinula , which 
possesses  pore  canals)  and  the  other  possesses  either  a columella  or  no  tabulae  (text-fig.  4).  The 
presence  of  Sarcinula  with  the  heliolitids  is  perhaps  surprising  and  the  character,  coenenchyme  may 
not  be  homologous  between  this  taxon  and  the  other  coenenchymate  taxa. 

Flower  (1961),  Flower  and  Duncan  (1975),  and  Scrutton  (1984)  identified  Nyctopora  as  a logical 
precursor  to  Calapoecia , and  hence  the  coenenchymate  taxa.  Scrutton  (1984)  noted  in  N.  goldfussi 
the  presence  of  juvenile  offsets  which  have  retarded  development  with  respect  to  other  taxa.  In  other 
species  of  Nyctopora  offsets  are  generally  small  and  have  closely  spaced  tabulae  for  a very  short 
length,  and  quickly  develop  into  adults  with  large  diameters  and  moderately  spaced  tabulae.  In  N. 
goldfussi  however,  offsets  retain  their  small  size  and  closely  spaced  tabulae  for  up  to  4 or  5 times 
the  length  of  offsets  of  other  species  of  Nyctopora  before  eventually  developing  into  large  adult 
corallites  with  moderately  spaced  tabulae  (Scrutton  1984).  Coenenchyme  may  therefore  have 
developed  due  to  heterochronic  retardation  in  the  development  of  juvenile  offsets  such  that  the 
offsets  retained  the  juvenile  morphology  into  adulthood  (Pandolfi  1988)  (text-fig.  8).  Although 
Scrutton  (1984)  discounted  the  possibility  of  N.  goldfussi  as  ancestral  to  Calapoecia  based  on  current 
knowledge  of  fossil  occurrences,  a hypothesis  of  heterochrony  is  not  falsified  by  the  RUGSGRPS 
phylogenetic  analysis  (text-figs.  1,  3,  4).  Heterochrony  occurs  elsewhere  in  the  early  tabulate  corals, 
but  its  role  in  tabulate  coral  evolution  is  in  need  of  further  study  (Pandolfi  1984,  1988). 
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Group  IV-  RUGSGRPS 
Group  E - LICHGRPS 


1(1);  3(6);  4(1);  5(0);  6(1);  7(1); 
8(1);  9(1);  14(0);  16(0);  17(1);  18(1) 


text-fig.  4.  Adams  (1972)  consensus  tree  of  Group 
IV  in  the  RUGSGRPS  analysis  and  Group  E in  the 
LICHGRPS  analysis.  This  Group  is  represented  by 
taxa  possessing  coenenchyme.  See  Table  1 for  charac- 
ter states  and  codes. 


.5 

Q) 


text-fig.  5.  Adams  (1972)  consensus  tree  obtained  in 
the  LICHGRPS  phylogenetic  analysis.  Groups  A-E 
are  shown  in  text-figs.  2,  4,  6-8.  The  analysis  was 
undertaken  with  the  tree  rooted  with  Lichenaria  as  the 
ancestral  tabulate  coral.  See  Table  1 for  character 
states  and  codes. 


LICHGRPS  analysis.  Group  A is  composed  of  a trichotomy  involving  the  sparsely  porous 
Manipora  and  Saffordophyllum  and  the  cerioid  thin-walled  taxa  with  mural  pores  (text-fig.  6). 
Manipora  and  Saffordophyllum  possess  transversely  crenulated  walls  (text-fig.  6).  Most  workers 
believe  these  two  genera  to  be  closely  associated  with  Lichenaria  (Flower  1961 ; Flower  and  Duncan 
1975;  Scrutton  1979,  1984)  and  the  LICHGRPS  analysis  corroborates  this  claim. 

Text-fig.  6 suggests  that  Traheculites  is  derived  with  respect  to  the  mural  pore  bearing  taxa  of 
Group  A.  Therefore,  contrary  to  Scrutton  (1984,  p.  113),  the  tree  rooted  by  Lichenaria  suggests  that 
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text-fig.  6.  Adams  (1972)  consensus  tree  of  Group 
A in  the  LICHGRPS  phylogenetic  analysis.  Both 
Manipora  and  Sajfordophyllum  have  sparse  mural 
pores  and  transversely  crenulate  walls,  and  are 
unresolved  with  respect  to  one  another  and  to  cerioid 
thin-walled  taxa  possessing  mural  pores.  Included 
here  as  derived  are  taxa  typically  regarded  as  members 
of  the  Sarcinulida.  See  Table  1 for  character  states 


and  codes. 


2(1);  3(0),  4(0).  5(1).  6(1). 
7(0),  8(0);  11(0);  12(1) 


it  is  not  unlikely  for  Trabeculites  to  have  been  derived  from  porous  predecessors  (Flower  and 
Duncan  1975).  As  in  Group  B,  Group  A contains  taxa  which  have  been  regarded  as  Sarcinulida: 
Lamottia  (Scrutton  1984)  and  Lessnikovea  (Hill  1981).  The  position  of  Group  A on  the  LICHGRPS 
cladogram  suggests  that  these  two  taxa  may  represent  relatively  primitive  members  of  the 
Sarcinulida  clade. 

Group  B is  apparently  a morphologically  assorted  group  of  thick-walled  taxa  which  includes  the 
aporous  taxa  Billingsaria,  Nyctopora , Lyopora , and  Tollina  and  the  porous  taxon  Kolymopora  (text- 
fig.  7).  This  group  contains  three  taxa  from  the  Sarcinulida  clade  proposed  by  Scrutton  (1984,  text- 
fig  1,  p.  113)  for  the  radiation  of  the  Ordovician  Tabulata.  Tollina  and  Kolymopora , however,  are 
shown  in  disparate  sections  of  Scrutton's  (1984)  phylogeny,  Lichenariida  for  the  former  and 
Favositida  for  the  latter. 

Groups  C,  D and  E are  identical  to  Groups  I,  II  and  IV  respectively,  in  the  RUGSGRPS  analysis 
but  are  unresolved  with  respect  to  Reuscbia , which  possesses  a stereozone,  and  later  Eofletcheria 
(text-fig.  5).  Several  authors  have  depicted  a close  phylogenetic  association  between  Aulopora , 
Eofletcheria , and  Reuschia  (Flower  and  Duncan  1975;  Scrutton  1984).  Scrutton  discussed  the 
possible  phylogenetic  association  of  Adaverina  and  Reuschia  with  Eofletcheria  and  the  auloporids. 
He  envisioned  Reuschia  evolving  directly  from  Eofletcheria , whereas  Adaverina  evolved  from 
Eofletcheria  through  an  intermediary,  Aulopora.  The  LICHGRPS  analysis  shows  that  these  groups 
share  a common  ancestry,  but  relationships  between  the  groups  are  unresolved  (test-figs.  2 and  5). 

Group  E is  the  same  as  Group  IV  of  the  RUGSGRPS  analysis  and  is  united  by  the  presence  of 
coenenchyme  (text-fig.  4).  Again  Nyctopora  is  less  derived  than  Calapoecia  (text-figs.  4 and  7)  and 
the  hypothesis  that  coenenchyme  evolved  through  N.  goldfussi  by  heterochrony  is  not  falsified  by 
the  LICHGRPS  phylogenetic  analysis. 

Comparison  between  analyses.  Several  differences  exist  between  the  Adams  (1972)  consensus  trees 
produced  from  the  two  analyses.  The  first  eight  taxa  of  the  LICHGRPS  analysis  are  members  of 
Group  III  in  the  RUGSGRPS  analysis  (text-figs.  3 and  6).  The  relationships  between  these  taxa  are 
slightly  better  resolved  with  the  LICHGRPS  analysis  than  the  RUGSGRPS  analysis.  In  the 
RUGSGRPS  analysis,  Lichenaria  is  a derived  taxon  and  plays  a relatively  minor  role  in  the 
diversification  of  the  Ordovician  tabulates  (text-fig.  3).  In  the  LICHGRPS  analysis  Foerstephyllum 
appears  early  in  the  tree  and  may  have  given  rise  to  more  derived  groups  (Flower  1961 ; Flower  and 
Duncan  1975). 
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6(1);  7(1);  8(0);  11(0) 
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2(0);  3(0);  4(1);  5(0); 
6(1);  7(1);  8(0);  11(0) 


The  cateniform  and  auloporid  taxa  are  identically  resolved  in  the  two  analyses.  In  the 
LICHGRPS  analysis  they  occur  as  relatively  derived  Group  C unresolved  with  the  horizontally 
tubulate  taxa  and  the  coenenchymate  taxa  (text-fig.  5).  This  is  in  marked  contrast  with  the 
RUGSGRPS  analysis  in  which  the  cateniform  and  auloporid  taxa  appear  as  Group  I,  unresolved 
with  respect  to  all  other  groups  (text-fig.  1).  Finally,  the  coenenchymate  clades  are  identical  between 
the  two  analyses;  however,  in  the  LICHGRPS  analysis  the  group  is  relatively  derived  and  only 
unresolved  with  respect  to  the  horizontal  tubulate  taxa  and  the  auloporid/halysitid  taxa  (text-fig. 
5),  whereas  in  the  RUGSGRPS  analysis  it  is  unresolved  with  respect  to  all  other  groups  (text-fig.  1). 

The  LICHGRPS  analysis  yielded  groups  somewhat  different  from  the  RUGSGRPS  analysis,  but 
neither  produced  results  completely  consistent  with  previously  proposed  phylogenies.  Table  2 shows 
that  whereas  the  LICHGRPS  analysis  yielded  a lower  tree  length  (72),  and,  ostensibly,  a more 
parsimonious  tree,  than  the  RUGSGRPS  analysis  (81),  the  latter  yielded  a higher  consistency  index, 
indicating  fewer  character  state  transitions.  One  might  expect  a lower  tree  length  for  a tree  rooted 
by  a member  of  the  ingroup  than  for  one  rooted  by  an  outgroup.  Meacham  (1984)  explained  that 
a directed  analysis  which  is  rooted  with  any  member  of  the  ingroup  will  give  the  same  results  as 
those  produced  with  an  undirected  analysis,  or  one  which  is  performed  on  an  unrooted  tree.  The 
extra  taxa  and  characters  utilized  in  the  directed  analysis,  that  is  with  the  rugose  outgroup,  were 
responsible  for  six  additional  evolutionary  steps  that  could  not  have  occurred  in  the  LICHGRPS 
analysis  due  to  its  undirected  nature.  Therefore,  a more  reasonable  comparison  would  be  a difference 
in  tree  length  of  three  steps. 

In  a parsimony  analysis,  it  is  not  immediately  clear,  based  on  tree  length  and  Cl,  which  tree  is 
preferable.  I present  these  two  analyses  impartially  to  provide  a preliminary  working  hypothesis  of 
relationships  with  which  to  compare  further  phylogenetic  studies  of  tabulate  corals.  It  seems  clear 
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text-fig.  8.  Schematic  of  corallitc  increase  in  Nycto- 
pora.  Illustrated  are  different  species  within  the 
same  colony  to  show  difference  in  corallile  devel- 
opment. Offset  A retains  it  small  size  and  closely 
spaced  tabulae  lor  4-5  times  the  length  that  offset  B 
stays  small.  Retardation  in  development  of  B type 
offsets  may  have  resulted  in  type  A offsets.  If 
development  was  slowed  enough  or  truncated,  then 
type  A offsets  may  have  developed  into  coenenchymal 
structures.  Most  species  of  Nyctopora  show  the 
pattern  of  development  of  new  corallites  as  shown  in 
B.  In  N.  goldfussi  type  A offsets  occur. 


that  the  LICHGRPS  trees  are  much  more  resolved  than  the  RUGSGRPS  trees  and  therefore  offer 
very  specific  hypotheses  on  relationships.  If  Lichenaria  were  ancestral  to  all  tabulate  corals,  the 
LICHGRPS  trees  need  to  be  considered  in  future  tests  of  homology  and  phylogeny.  It  is  interesting 
to  note  in  this  regard  that  the  phylogeny  suggested  by  Scrutton  (1984)  yielded  a much  higher  tree 
length  and  a much  lower  consistency  index  than  the  cladograms  yielded  in  both  the  LICHGRPS 
and  RUGSGRPS  analyses  (Table  2). 


Character  analysis 

Phylogenetic  analysis  based  on  parsimony  is  useful  in  studying  the  sequences  of  character  evolution 
in  the  early  history  of  tabulate  corals.  A marked  discontinuity  exists  between  astogenetic,  or  colony- 
wide morphological  characters  and  ontogenetic,  or  corallite  level  morphological  characters.  The 
phylogenies  presented  in  the  RUGSGRPS  and  LICHGRPS  analyses  presented  above  are  upheld 
when  the  phylogenetic  analysis  is  conducted  using  only  astogenetic  characters  (Table  1,  characters 
3,  4,  5,  7,  9,  10,  12,  13,  16,  17,  19,  20,  and  23)  and  is  put  into  disarray  when  the  phylogenetic  analysis 
is  conducted  using  only  ontogenetic  characters  (Table  1,  characters  1, 2,  6,  8,  11,  14,  15,  18,  21,  22). 
Higher  degrees  of  homoplasy  characterize  ontogenetic  characters  in  early  Tabulata  evolution  than 
astogenetic  characters.  The  Ordovician  radiation  of  tabulate  corals  seems  to  have  been  characterized 
by  the  evolution  of  astogenetic  characters  which  remained  relatively  conservative  and  the  multiple 
evolution  of  ontogenetic  character  states. 

I will  now  trace  the  characters  and  the  individual  taxa  among  which  these  characters  are 
distributed  using  the  consensus  trees  provided  by  the  PAUP  analysis,  and  then  compare  these  with 
published  reports  of  character  changes  through  the  phylogeny  of  early  tabulate  corals.  Table  3 gives 
the  consistency  index  (Cl)  for  each  character  for  each  of  the  two  phylogenetic  analyses.  I will  discuss 
four  general  suites  of  characters:  a,  high  Cl,  useful  in  differentiating  major  groups;  b,  low  Cl,  useful 
in  differentiating  major  groups ; c,  high  Cl,  useful  in  differentiating  subgroups ; and  d,  low  Cl,  useful 
in  differentiating  subgroups.  An  additional  group  of  characters  was  useful  in  differentiating  the 
ingroup  from  the  outgroup  (Table  1,  characters  15,  20,  21,  and  22).  Many  of  the  twenty-three 
morphological  characters  and/or  their  character  states  evolved  repeatedly  in  the  early  tabulates. 
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table  3.  Consistency  indices  for  each  character  in  LICHGRPS  and  RUGSGRPS 
analyses" 


Consistency  index 


Character  LICHGRPS  RUGSGRPS 


1. 

Tabulae 

0-500 

0-333 

2. 

Tabulae  shape 

0-250  (0-286) 

0-250 

(0-286) 

3. 

Colony  architecture 

0-571  (0-500,  0-444) 

0-600 

(0-667,  0-545) 

4. 

Wall  thickness 

0-667 

0-667 

5. 

Mural  pores 

0-400  (0-333) 

0-333 

(0-286,  0-400) 

6. 

Septa 

0-167 

0-167 

7. 

Microstructure 

0-250 

0-250 

(0-333) 

8. 

Corallite  shape 

0-500  (0-571 ) 

0-571 

(0-500) 

9. 

Coenenchyme 

0-500 

0-500 

10. 

Pore  abundance 

0-667 

0-667 

11. 

Rows  of  septa 

0167 

0-143 

(0-167) 

12. 

Longitudinal  wall 
corrugations 

1-000 

1-000 

(0-500) 

13. 

Transverse  wall 
crenulations 

1-000  (0-500) 

1-000 

(0-500) 

14. 

Columella 

0-333 

0-333 

15. 

Septal  orders 

1-000 

0-500 

16. 

Stereozone 

0-333  (0-500) 

0-333 

(0-250) 

17. 

Vertical  tubules 

0-500 

0-500 

18. 

Diaphragms 

0-500 

0-500 

19. 

Horizontal  tubules 

0-500 

0-500 

20. 

Corallum 

constant 

1-000 

21 

Fossula 

constant 

1-000 

22. 

Septal  insertion 

constant 

1-000 

23. 

Pore  location 

0-667 

0-667 

a Values  indicate  those  for  79%  of  the  RUGSGRPS  trees  and  44%  of  the  LICHGRPS  trees.  Values  in 
parentheses  represent  the  range  of  values  encountered  in  remaining  trees. 


There  is  no  clear  trend  in  correspondence  between  degree  of  character  homoplasy  and  potential  for 
differentiating  groups. 

Colony  architecture,  wall  thickness,  corallite  shape,  and  coenenchyme,  all  have  a high  Cl,  and 
these  are  useful  in  differentiating  major  groups  in  both  analyses  (Table  3).  Each  individual  character 
state  for  these  characters  typically  evolved  infrequently.  An  additional  character,  transversely 
crenulated  walls,  also  had  a high  Cl  and  is  shared  by  Saffordophyllum  and  Manipora. 

In  contrast  to  many  of  the  other  character  states  in  this  grouping  of  characters,  the  cateniform 
colony  architecture  seems  to  have  evolved  many  times  in  a number  of  distinct  groups  (text-figs.  2, 
3,  6-8).  These  groups  include  Manipora , the  halysitids,  and  Tollina.  It  is  possible  that  this  colony 
architecture  is  not  homologous  between  Manipora  and  Tollina  on  the  one  hand,  and  the  halysitids 
on  the  other.  Manipora  and  Tollina  both  display,  in  part,  a cateniform-cerioid  growth  habit  where 
corallites  offset  to  form  multiserial  ranks.  In  the  Ordovician  halysitids,  however,  usually  only 
uniserial  ranks  of  corallites  are  found.  The  developmental  relationship  between  mode  of  increase 
and  possible  resultant  colony  architectures  needs  to  be  evaluated  in  these  taxa  before  the  homology 
of  cateniform  colony  architecture  can  be  assessed  among  early  tabulates. 

Based  on  the  co-occurrence  of  coenenchyme  in  halysitids  and  other  heliolitids.  Hill  (1981) 
classified  the  halysitids  as  a suborder  within  the  heliolitids,  implying  that  coenenchyme  evolved  only 
once.  In  both  analyses  presented  here,  halysitids  are  distinct  from  heliolitids  and  indicate  that 
coenenchyme  may  have  evolved  twice.  Therefore,  coenenchyme  between  the  halysitids  and  the 
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heliolitids  may  not  be  homologous.  In  fact,  Scrutton  (1984)  perceived  the  origination  of 
coenenchyme  within  the  colony  of  halysitids  as  distinct  from  that  in  any  other  taxa.  In  addition,  the 
separation  of  the  coenenchymate  halysitids  from  non-coenenchymate  halysitids  as  advocated  by 
Preobrazhenskii  (1977,  1979)  is  not  supported  by  the  phylogenetic  results  of  this  study  (text-fig.  4). 

Mural  pores  and  microstructure  have  a low  Cl,  but  are  still  useful  in  differentiating  major  groups 
(Table  3).  Character  states  for  these  two  characters  usually  evolved  more  than  once,  but  once 
evolved,  were  persistent  within  the  clades  they  help  to  differentiate.  Mural  pores  are  lost  and  gained 
many  times  in  the  phylogenetic  analyses  presented  here  (Table  3).  Sokolov  (1955)  proposed,  but 
later  amended  (Sokolov  1962),  a major  subdivision  of  Tabulata  into  Incommunicata  and 
Communicata  based  on  presence  of  communicative  structures  between  modules  of  the  colony.  He 
also  interpreted  mural  pores  and  horizontal  connecting  tubules  as  homologous  structures.  In  the 
RUGSGRPS  analysis,  it  appears  that  the  ‘Communicate’  subgroups  within  Group  III  (text-fig.  3) 
are  more  closely  related  to  the  1 Incommunicate’  taxa  of  Group  III  than  either  are  to  the 
‘Communicate’  taxa  of  Group  II  (or  IV)  (text-figs.  1-3).  The  relationship  between  the  horizontal 
tubule-bearing  taxa  (Group  II)  and  those  with  mural  pores  in  Group  III  is  not  inconsistent  with  the 
two  structures  as  homologous,  because  the  two  groups  of  taxa  are  unresolved  with  respect  to  one 
another  on  the  tree.  In  the  LICHGRPS  analysis  some  taxa  with  mural  pores  (Group  A)  are 
primitive  with  respect  to  those  with  horizontal  connecting  tubules  (Group  D),  but  mural  pores  also 
occur  again  in  the  derived  Group  E (text-fig.  5).  Mural  pores  are  thus  an  informative  character  in 
discriminating  groups,  but  they  seem  to  have  evolved  more  than  once  in  several  groups.  Future 
analysis  should  concentrate  on  the  developmental  differences  between  horizontal  tubules  and  mural 
pores,  in  an  effort  to  assess  homology  of  communicate  structures  among  the  various  groups 
possessing  these  structures.  In  addition  such  studies  should  examine  the  possibility  of  non- 
homology of  mural  pores  among  different  groups  of  taxa,  e.g.  between  the  favositids  and  the 
heliolitids. 

I used  a simple  binary  character  state  arrangement  for  microstructure  based  on  the  presence  or 
absence  of  trabeculae.  In  the  RUGSGRPS  analysis  trabeculate  walls  were  deemed  primitive, 
whereas  in  the  LICHGRPS  analysis  non-trabeculate  walls  were  deemed  primitive.  Within  Group 
III  of  the  RUGSGRPS  analysis  (text-fig.  3),  non-trabeculate  taxa  are  generally  derived  with  respect 
to  trabeculate  taxa  (but  note  the  position  of  trabeculate  Trabeculites  on  the  cladogram,  suggesting 
the  retention  of  trabeculae  in  this  taxon).  It  is  interesting  to  note  that  the  non-trabeculate  taxa 
within  Group  III  includes  Lichenaria , the  taxon  which  many  workers  consider  the  most  primitive 
tabulate  coral.  It  seems  possible,  therefore,  that  non-trabeculate  taxa  may  have  evolved  from 
trabeculate  taxa  and  vice  versa  in  the  early  history  of  tabulate  corals.  However,  in  the  LICHGRPS 
analysis  the  primitive  sarcinulids  of  Group  A (text-fig.  6),  Lamottia  and  Lessnikovea , are  non- 
trabeculate,  whereas  the  derived  sarcinulids  of  Group  B possess  trabeculae  (see  Laub  (1984),  for  a 
possible  occurrence  of  trabecular-like  structures  in  Lamottia). 

Characters  with  a high  Cl,  and  useful  in  differentiating  subgroups  within  the  major  groups  are 
pore  abundance,  longitudinal  wall  corrugations,  diaphragms,  horizontal  tubules,  and  pore  location 
(Table  3).  These  characters  have  typically  been  used  by  coral  workers  in  differentiating  groups  of 
tabulate  taxa  (e.g.  Flower  1961). 

Finally,  characters  with  a low  Cl  and  useful  in  only  differentiating  subgroups  include  tabulae, 
tabulae  shape,  septa,  rows  of  septal  spines,  columella,  and  stereozone  (Table  3).  The  most  surprising 
character  here  is  septa.  Acquisition  and  loss  of  septa  seems  to  have  occurred  frequently  in  early 
tabulate  evolution  (text-figs.  2^1,  7).  Septa  are  well  established  in  the  rugose  corals  and  probably 
served  a similar  function  as  the  septa  in  scleractinian  corals,  where  they  increase  the  surface  area 
available  for  mesenterial  digestion  through  infolding  of  the  body  wall.  The  function  of  septa  in 
tabulate  corals  is  much  less  certain  (see  Schouppe  and  Oekentorp  1974).  The  results  from  the 
phylogenetic  analyses  suggest  that  because  septa  evolved  in  separate  events,  it  is  possible  that  they 
served  different  functions  in  different  taxa.  In  addition,  not  all  forms  of  tabulate  septa  may  be 
homologous  (Scrutton  pers.  comm.  1987). 
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Classification 

One  of  the  goals  of  biological  systematics  is  the  natural  classification  of  organisms,  preferably  as  a 
reflection  of  the  genealogy  of  the  taxa  under  question.  It  is  therefore  desirable  to  inquire  how  well 
the  phylogenetic  analyses  presented  above  compare  with  classification  schemes  previously  proposed 
for  tabulate  corals.  The  most  recent  comprehensive  summary  of  coral  taxonomy  is  that  of  Hill 
(1981).  Scrutton  (1984),  in  his  phylogenetic  reconstruction  of  the  Ordovician  tabulates,  also 
presented  a classification  for  the  Ordovician  tabulates.  I will  make  general  comparisons  between 
these  two  studies  and  the  trees  obtained  from  the  phylogenetic  analyses  described  here. 

Group  I of  the  RUGSGRPS  analysis  and  Group  C of  the  LICHGRPS  analysis  contain  the 
auloporids  and  the  halysitids  (text-fig.  2).  Both  Hill  (1981)  and  Scrutton  (1984)  classified  Aulopora 
and  Bajgolia  in  the  Auloporida,  but  Scrutton  classified  Eofietcheria  in  the  Lichenariida  whereas  Hill 
classified  this  genus  in  the  Sarcinulida.  Hill  also  stated  that  it  may  be  reasonable  to  group 
Eofietcheria  with  the  Auloporida.  It  seems  reasonable  from  the  phylogenetic  analyses  to  group  at 
least  early  Eofietcheria  (those  without  septa)  with  the  Auloporida. 

The  halysitid  taxa  were  classified  in  the  Heliolitida  by  Hill  (1981)  and  in  the  Halysitida  by 
Scrutton  ( 1984).  In  both  the  phylogenetic  analyses  presented  here  the  heliolitids  are  unresolved  with 
respect  to  the  halysitids,  and  it  appears  that  these  two  groups  should  remain  distinct.  Scrutton  also 
suggested  that  Catenipora  may  be  polyphyletic,  possibly  having  evolved  from  both  Eofietcheria  and 
Quepora.  Whereas  there  seems  to  be  a close  phylogenetic  association  between  the  auloporid-like 
taxa  and  the  halysitids,  there  does  not  seem  to  be  a need  to  regard  any  of  the  Ordovician  halysitid 
taxa  as  polyphyletic  (text-fig.  2). 

All  the  taxa  with  horizontal  tubules  except  for  Sarcinula  have  been  classified  by  Hill  (1981)  in  the 
Syringoporicae,  a superfamily  within  the  Auloporida.  The  possibility  that  the  Syringoporicae  of  Hill 
may  be  polyphyletic  (Scrutton  1984)  is  not  supported  by  either  analysis  (text-fig.  2).  Scrutton 
showed  Syringopora  as  being  derived  from  an  auloporid,  but  considers  the  three  genera. 
Labyrinthites , Syringoporinus , and  Troedssonites , although  members  of  the  Syringoporicae,  to  be 
derived  from  a lichenarid  ancestor  (Scrutton,  pers.  comm.  1988).  Both  authors  regarded  Sarcinula 
as  a member  of  the  Sarcinulida.  In  the  LICHGRPS  analysis  Sarcinula  appears  together  with  other 
relatively  derived  Sarcinulidae  in  Group  C.  The  LICHGRPS  phylogenetic  analysis  suggests  that  the 
horizontal  tubulate  taxa  share  a close  ancestry  with  the  auloporids  (text-fig.  2)  and  lends  credence 
to  Scrutton's  ( 1979)  suggestion  for  the  evolutionary  relationship  between  the  syringoporids  and  the 
auloporids  through  the  aulocystids  (note  the  position  of  the  aulocystid  Adaverina  in  text-fig.  2). 

Group  III  of  the  RUGSGRPS  analysis  and  Groups  A and  B of  the  LICHGRPS  analysis  contain 
taxa  previously  classified  into  several  different  taxa.  Hill  (1981)  divided  these  taxa  into  Sarcinulida 
( Nyctopora , Lyopora,  Trabeculites,  Billingsaria , Foerstephyllum , Tollina,  and  Lessnikovea ),  the 
Favositida  ( Saffordophyll um , Manipora , Kolymopora,  Paleofavosites , and  Favosites ),  and  the 
Chaetetida  ( Lichenaria  and  Lamottia).  Scrutton  (1984)  regarded  these  taxa  as  occurring  in 
the  Sarcinulida  ( Nyctopora , Lyopora , Trabeculites , Lamottia , and  Billingsaria ),  the  Lichenariida 
( Foerstephyllum , Tollina , Saffordophyllum , Manipora , Lichenaria,  and  Lessnikovea),  and  the 
Favositida  (Palaeofavosites  and  Favosites ).  The  relationships  among  the  taxa  comprising  Group  III 
of  the  RUGSGRPS  analysis  are  further  resolved  in  the  LICHGRPS  analysis  (text-fig.  5-7).  In  the 
LICHGRPS  analysis,  Manipora  and  Saffordophyllum  are  relatively  primitive  taxa,  due  to  their 
numerous  shared  character  states  with  Lichenaria.  The  first  derived  group  (Group  A)  includes  the 
favositids  Palaeofavosites  and  Favosites  and  the  sarcinulids  Lessnikovea,  Lamottia,  Trabeculites  and 
Foerstephyllum.  Group  B contains  the  remaining  sarcinulids  of  Hill  (1981)  and  Kolymopora. 
Therefore,  utilizing  the  notion  of  Lichenaria  as  ancestral  to  all  tabulate  corals,  the  Sarcinulida  of 
Hill  (1981)  remain  a predominantly  intact  group,  with  the  addition  of  Lamottia  (as  suggested  in 
Scrutton  1984),  but  the  Chaetetida  do  not.  Similarly  the  Lichenariida,  tentatively  proposed  in 
Scrutton  (1984),  do  not  appear  to  comprise  a natural  grouping  of  taxa.  In  the  RUGSGRPS 
analysis,  the  Favositida  and  the  Lichenaria  trichotomy  are  derived  with  respect  to  the  Sarcinulida 
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(text-fig.  3)  whereas  in  the  LICHGRPS  analysis  the  Sarcinulida  are  derived  with  respect  to  the 
Favositida. 

With  the  exception  of  Calapoecia  and  Sarcinula , the  taxa  belonging  to  Group  IV  of  the 
RUGSGRPS  analysis  and  Group  E of  the  LICHGRPS  analysis  have  all  been  previously  assigned 
to  the  heliolitids  (Hill  1981).  Both  Scrutton  (1984)  and  Hill  (1981)  classified  Calapoecia  and 
Sarcinula  as  members  of  the  Sarcinulida,  but  it  may  be  prudent  to  include  these  taxa  as  heliolitids. 
However,  it  is  entirely  plausible  that  coenenchyme  in  these  two  taxa  may  not  be  homologous  with 
that  in  the  heliolitids,  and  the  phylogenetic  analysis  is  weighted  in  favour  of  their  possession  of  this 
character. 


CONCLUSIONS 

1.  Phylogenetic  analysis  based  on  the  principle  of  parsimony  can  be  a powerful  tool  in 
differentiating  relationships  among  early  members  of  an  extinct  taxon.  In  the  analysis  of  tabulate 
corals,  two  phylogenetic  trees,  based  on  the  consensus  computed  from  100  equally  parsimonious 
trees  each  (Adams  1972),  yielded  a set  of  phylogenetic  hypotheses  that  may  now  be  compared  with 
biogeographical  and  biostratigraphical  data.  Because  the  trees  vary  significantly  from  those 
previously  presented  (Sokolov  1955,  1962;  Flower  1961;  Bondarenko  1966;  Flower  and  Duncan 
1975;  Scrutton  1979,  1984),  it  is  extremely  important  to  evaluate  the  polarity  of  character  state 
transitions  in  the  early  evolution  of  these  corals.  Once  the  distribution  of  character  states  through 
phylogeny  is  known,  hypotheses  concerning  homology  can  be  re-evaluated. 

2.  Analysis  of  character  states  in  the  Ordovician  tabulates  yielded  what  I consider  to  be  four 
separate  suites  of  morphological  characters:  1,  high  consistency  index  (Cl),  differentiate  major 
groups  (colony  architecture,  wall  thickness,  corallite  shape,  coenenchyme);  character  states  for 
these  characters  typically  evolved  less  frequently  than  characters  with  a low  Cl;  2,  high  Cl, 
differentiate  subgroups  (pore  abundance,  longitudinal  wall  corrugations,  diaphragms,  horizontal 
tubules,  pore  location);  character  states  for  these  characters  evolved  infrequently  and  are  usually 
present  in  derived  subgroups;  3,  low  Cl,  differentiate  major  groups  (mural  pores,  microstructure); 
character  states  for  these  characters  typically  evolved  more  than  once,  but  were  persistent  within  the 
clades  they  differentiated;  and  4,  low  Cl,  differentiate  subgroups  (tabulae,  tabulae  shape,  septa, 
rows  of  septal  spines,  columella,  stereozone);  character  states  for  these  characters  typically  evolved 
several  times  throughout  the  phylogeny  of  the  Ordovician  tabulates.  It  is  not  possible  to  predict, 
based  on  consistency  index  alone,  the  potential  for  a particular  character  to  differentiate  taxa  within 
a phylogenetic  tree. 

3.  Previous  classification  schemes  and  the  general  taxonomy  of  tabulate  corals  are  not  entirely 
consistent  with  the  phylogenetic  trees  presented  here.  Whereas  the  taxa  comprising  the  Heliolitida, 
Halysitida,  Sarcinulida,  and  the  Auloporida  (as  conceived  by  Hill  1981),  are  corroborated  by  the 
phylogenetic  trees,  the  taxa  comprising  the  Chaetetida  (as  conceived  by  Hill  1981)  and  the  taxa 
comprising  the  Lichenariida  (as  conceived  by  Scrutton  1984)  are  not.  The  Halysitida  and  the 
Heliolitida  seem  best  classified  as  separate  groups  (Scrutton  1984)  and  not  within  the  same  clade 
(Hill  1981 ).  The  polarity  of  derivation  of  the  Favositida  and  Sarcinulida  with  respect  to  one  another 
remains  unresolved. 
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DIAGENESIS  AND  CONSTRUCTION  OF  THE 
BELEMNITE  ROSTRUM 

by  GUNNAR  S 7E  L E N 


Abstract.  Diagenetic  and  morphological  studies  of  transversely  sliced  rostra  of  six  belemnite  species  were 
carried  out  by  means  of  scanning-electron,  cathodoluminescence  and  blue-light  fluorescence  microscopy, 
staining  of  thin  sections,  total  organic  content  analysis,  as  well  as  x-ray  diflfractometry.  Diagenesis  has  not 
destroyed  the  laminar  morphology  of  rostra  in  most  cases,  and  diagenetic  alterations  indicate  that  the  original 
mineralogy  was  low-Mg  calcite.  A revised  interpretation  of  the  construction  of  belemnite  rostra  is  given,  where 
composite  radial  structures  accreting  periodically  around  the  surface  are  suggested  as  the  principal  elements. 
Organic  matter  is  distributed  throughout  the  rostrum,  and  is  probably  both  inter-  and  intra-crystalline. 
Variation  in  the  organic  content  along  radial  structures  gives  rise  to  a concentric  growth  pattern.  This  variation 
is  often  subtle,  making  growth-rings  difficult  to  define.  Muller-Stoll’s  (1936)  concept  of  a rostrum  consisting 
of  discrete  alternating  inorganic  and  organic  layers  is  thought  to  be  invalid. 

The  purpose  of  this  paper  is  to  describe  the  morphology  and  diagenetic  alterations  of  selected 
belemnite  rostra.  Previous  researchers  on  the  subject  have  applied  just  one  or  two  techniques,  and 
it  is  the  aim  of  this  paper  to  show  that  more  varied  information  can  be  extracted  by  using  several 
methods. 

BRIEF  REVIEW  OF  THE  MORPHOLOGY  AND  DIAGENESIS  OF  THE  BELEMNITE 

ROSTRUM 

The  rostrum  (also  referred  to  as  orthorostrum  or  guard)  consists  of  the  following  elements  (text-fig. 


The  alveolus  (text-fig.  1 B)  is  a conical  cavity  at  the  anterior  part  of  rostrum  where  the  chambered 
part  of  the  shell  or  phragmocone  is  situated  (text-figs.  1 a).  In  some  species  (e.g.  Belemnellocamax 
mammillatus  mammillatus  (Nilsson)  and  NeohiboUtes  minimus  (Miller)  studied  here),  the  most 
anterior  rostral  layers  are  frequently  corroded  to  widen  the  alveolus  and  create  a shallow 
depression,  the  pseudoalveolus  (Christensen  1975;  Spaeth  1971a). 

The  primordial  rostrum  is  the  first  rostrum-like  structure  to  form  at  the  apex  of  protoconch  (i.e. 
incipient  chamber;  text-fig.  1a),  believed  to  be  made  up  of  an  anterior  inorganic  (aragonitic)  and 
a posterior  organic  part  (Bandel  et  al.  1984,  p.  277).  Due  to  diagenetic  alteration,  this  structure  has 
not  been  observed  in  the  specimens  studied. 

Growth-lines , or  growth-rings  (text-fig.  1 b),  have  traditionally  been  interpreted  as  alternating 
organic  and  inorganic  layers  of  the  rostrum  (‘  laminae  obscurae  ’ and  1 laminae  pellucidae  ’ of  Miiller- 
Stoll  1936).  This  concentric  layering  is  regarded  as  primary  (see  Spaeth  et  ah  1971),  though  the 
laminae  obscurae  are  considered  to  have  been  modified  by  diagenesis  in  most  cases  (Muller-Stoll 
1936;  Jeletzky  1966;  Barskov  1970;  Spaeth  1971a). 

Radial  structures  (text-fig.  1 b)  have  traditionally  been  regarded  as  formed  by  crystals  which  traverse 
the  growth-lines  more  or  less  perpendicularly.  Their  coarse  crystalline  nature  is  attributed  by  most 
researchers  to  recrystallization  (Jeletzky  1966,  p.  108;  Spaeth  1971a,  p.  22). 
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text-fig.  I Shell  morphology  of  schematized  rostrum,  a,  rostrum  and  part  of  fractured  phragmocone  situated 
in  the  anterior  hollow,  the  alveolus;  b,  left  lateral,  longitudinal  section  through  the  median  plane  of  a 

schematized  rostrum. 

The  apical  tine  (text-fig.  1 b)  is  the  axis  of  the  rostrum  that  marks  the  trajectory  of  the  apex  during 
successive  growth  stages.  The  spherulitic  nature  of  the  radial  structures  in  this  region,  combined 
with  diagenetic  alteration,  frequently  give  the  impression  of  a discrete  morphological  feature 
(Swinnerton  1936-55,  p.  14;  Sturz-Kowing  1960,  p.  61;  Spaeth  1 97 1 <rv,  pp.  24-25).  Some  authors 
regard  the  apical  line  as  an  orginally  organic  feature  (Bandel  et  al.  1984,  pp.  285,  287). 

The  apex  (text-fig.  1 b)  usually  refers  to  the  most  posterior  part  of  the  rostrum,  but  can  also  refer 
to  the  most  posterior  part  of  other  morphological  features  (e.g.  the  phragmocone). 

Diagenesis  of  belemnite  rostra  has  been  a much  debated  subject,  especially  since  Urey  et  al.  (1951) 
based  their  palaeotemperature  curves  on  6lsO  measurements  of  this  part  of  the  shell.  The  majority 
of  fossilized  rostra  consists  of  low-Mg  calcite,  though  some  are  reported  to  be  partly  aragonitic 
(Barskov  1970;  Spaeth  1971a,  19716,  1973;  Spaeth  et  al.  1971;  H.  Mutvei  pers.  comm.  1984).  The 
original  mineralogy,  however,  has  been  claimed  to  be: 

(1)  calcite,  advocated  by  most  researchers  (see  Brand  and  Morrison  1987,  pp.  100-101),  based  on; 

a)  the  textural  and  optical  regularity  of  belemnite  rostra;  (Sandberg  1983,  p.  273;  Bandel  et  al. 
1984), 

b)  specimens  with  aragonitic  skeletal  parts  preserved  still  have  calcitic  rostra  (Sandberg  1983, 
p.  273),  and 

c)  chemical  criteria  (Veizer  1974;  Brand  and  Morrison  1987),  or 

(2)  aragonite  or  partly  aragonitic  (Spaeth  19716,  1973;  Barskov  1970,  1972). 

Some  palaeontologists  claim  that  the  rostrum  was  originally  porous  (Spaeth  19716,  1973,  1975; 
Veizer  1974),  while  others  think  of  it  as  originally  impervious  (Bandel  et  al.  1984,  p.  300). 


table  1.  Material.  Cp,  Cylindroteuthis  puzosiana  \ Hh,  Hibolithes  ( Hibolithes ) hastatus;  As,  Aulacoteuthis  speetonensis\  Ne,  Neohibolites  ewaldi ; Nm, 
Neohibolites  minimus ; Bm,  Belemnellocamax  mammillatus  mammillatus;  sst,  sandstone;  bitumin.,  bituminous;  calc.,  calcite;  LBC,  London  Brick 
Company 
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MATERIAL  AND  METHODS 

Recent  investigators  have  applied  special  techniques  to  unravel  the  original  morphology, 
mineralogy,  and  degree  of  diagenetic  alteration  of  belemnite  rostra.  These  methods  include 
scanning-electron  microscopy  (see  Spaeth  19716,  1973;  Barskov  1970,  1972;  Bandel  et  al.  1984),  X- 
ray  diffractometry  (see  Vetter  1968),  stable  isotope  analysis  (see  Fritz  1965;  Longinelli  1969;  Spaeth 
et  al.  1971 ; Stevens  and  Clayton  1971 ; Kiispert  1982)  as  well  as  minor-  and  trace-element  analyses 
(Veizer  1974;  Htickel  and  Hemleben  1976).  Since  these  methods  do  not  give  unequivocal  results 
when  applied  singly  (see  Brand  and  Morrison  1987,  p.  88),  a multi-method  approach  has  been 
applied  in  the  present  study.  The  methods  used  include  scanning-electron  microscopy  (SEM), 
cathodoluminescence  (CL)  and  blue-light  fluorescence  (BLF)  microscopy,  thin-section  staining 
(Dickson  1966),  X-ray  diffractometry  (XRD),  and  total  organic  carbon  (TOC)  analyses.  These 
techniques  have  been  used  to  study  six  selected  belemnite  species  from  different  stratigraphic  levels 
and  sedimentary  environments  (Table  1).  Some  of  the  specimens  were  additionally  subjected  to 
stable  isotope  analyses  and  minor-  and  trace-element  analyses  (Saelen  and  Karstang  1989). 

Scanning-electron  microscopy 

Cutting  and  grinding  of  slabs.  When  the  specimen  is  cross-sectioned  surfaces  are  produced  that  are 
approximately  mirror-image  equivalents  (position  1,  text-fig.  2a).  One  of  these  paired  surfaces 
(numbered  1-5  in  text-fig.  2a)  was  then  consistently  prepared  for  SEM,  and  the  other  for  thin- 
sectioning. 

Chemical  agents.  The  application  of  chemical  agents  makes  the  growth-rings  visible  under  SEM, 
and  thus  is  a powerful  tool  in  unravelling  the  construction  of  the  rostrum.  Several  chemicals  have 
been  applied,  with  different  aims  (Table  2). 

a)  Acids  preferentially  etch  the  carbonate-rich  portions.  The  use  of  weak  acids  (e.g.  1 % HC1) 
gives  ‘surface  reaction  controlled  dissolution'  (Berner  1980,  p.  106). 

b)  35  % hydrogen  peroxide  is  a powerful  oxidizing  medium  which  readily  attacks  organic  matter 
and  can  thus  be  used  to  pin-point  its  distribution  in  the  rostra.  This  reaction,  moreover,  produces 
organic  acids  which  lower  the  pH  and  finally  ease  the  dissolution  of  the  carbonate  itself. 
Consequently,  areas  rich  in  organic  matter  will  also  show  the  most  profound  etching  effect. 

c)  Glutardialdehyde,  OHC(CH2)3CHO,  is  an  excellent  fixing  agent  of  organic  matter,  and  it  is 
known  to  react  specifically  with  proteins  (Iversen  1973).  Moreover,  glutardialdehyde  easily  oxidizes 
to  glutaric  acid  (Sabatini  et  al.  1964),  and  a 25  % solution  (Merck)  maintained  at  a pH  of  ~ 4-0  has 
been  used  to  benefit  from  both  the  fixing  properties  of  the  aldehyde  and  the  etching  effect  of  the  acid. 

After  treatment  with  one  of  the  chemicals,  the  slabs  were  washed  gently  with  water  and  dried. 
They  were  then  mounted  on  SEM  stubs  and  coated  with  gold-palladium  for  2-5  to  9 mins. 

Cathodoluminescence  (CL) 

Primary  biogenic  carbonate  is  thought  to  be  non-luminescent  (Glover  1977;  Czerniakowski  et  al. 
1984;  Popp  et  at.  1986;  Saelen  and  Karstang  1989),  and  CL  studies  can  thus  provide  information 
as  to  the  diagenetic  alteration  of  rostra.  The  present  study  used  diamond-polished  thin  sections  (cf. 
Nickel  1978,  p.  79;  Dravis  and  Yurewicz  1985,  p.  796)  and  a Technosyn  LTD8200  CL  device  (gun 
current  ~ 150  //A)  coupled  with  an  Ortholux  2 pol-BK  microscope. 

Blue-light  fluorescence  (BLF) 

BLF  studies  can  give  valuable  information  on  primary  biogenic  as  well  as  diagenetic  fabrics. 
Though  the  causes  of  fluorescence  in  carbonate  rocks  have  not  been  systematically  evaluated,  it  is 
known  that  both  organic  and  inorganic  substances  can  create  fluorescence  (van  Gijzel  1979;  Dravis 
and  Yurewicz  1985).  A Zeiss  photomicroscope  III  and  blue-light  filter  with  wave  length  of  400 
440  rjm  (van  Gijzel  1979,  p.  1 1 ; Dravis  and  Yurewicz  1985,  p.  796)  were  used  in  the  present  study. 
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table  2.  Chemicals  applied  to  reveal  fabrics  under  SEM 


Medium 

Concenlration 

Reaction  time 

Effect 

Hydrochloric 

acid 

1% 

3 to  6 mins 

etching 

Glutaric  acid 

100  mg/350  ml 

6 mins 

etching 

Hydrogen  peroxide 

35% 

up  to  48  hrs 

oxidation/etching 

Glutardialdehyde 

25% 

6 to  1 1 hrs 

fixation/etching 

Stained  thin  sections 

After  CL  and  BLF  inspection,  the  thin  sections  were  stained  with  Alizarin  Red-S  and  K-ferricyanide 
as  described  by  Dickson  (1966). 

X-ray  diffrac  tome  try  (XRD) 

Fifteen  samples  of  rostrum  cavum  and  rostrum  solidum  (see  text-fig.  1 b)  of  all  six  belemnite  species 
were  analysed  by  means  of  a Philips  PW  1710  diffractometer,  using  the  laboratory  facilities  of  Norsk 
Hydro  Research  Centre,  Bergen. 

Total  organic  carbon  (TOC)  of  rostra 

Twelve  samples  from  the  species  Cylindroteuthis  puzosiana , Hibolithes  (H.)  hastatus , Neohibolites 
minimus  and  Belemnellocamax  mammillatus  mammillatus  were  dissolved  in  2N  HC1  and  centrifuged. 
This  procedure  was  repeated  three  times  to  ensure  that  all  inorganic  carbonate  was  dissolved.  The 
insoluble  part  was  then  washed  3 to  4 times  with  purified  water  and  analysed  for  its  TOC  by  means 
of  a C244HP  element  analyser  (facilities  of  Norsk  Hydro  Research  Centre,  Bergen). 


SYSTEMATIC  PALAEONTOLOGY 

The  classification  below  is  based  on  Roger  (1952),  Jeletzky  (1966),  Spaeth  (1971c/),  Christensen 
(1975),  Riegraf  (1981)  and  Mutterlose  (1983),  and  the  systematic  descriptions  are  listed  in  Table  3. 


Order  belemnitida  Zittel,  1895 
Suborder  belemnitina  Zittel,  1895 
Family  cylindroteuthidae  Stolley,  1919 
Genus  cylindroteuthis  Bayle,  1878  (Stolley,  1919) 

Species  Cylindroteuthis  puzosiana  (d’Orbigny,  I860) 

Family  belemnitidae  d’Orbigny,  1845 
Genus  hibolithes  Montfort,  1808 
Subgenus  hibolithes  Montfort,  1808 
Species  Hibolithes  (Hibolithes)  hastatus  Montfort,  1808 
Genus  neohibolites  Stolley,  1911 
Species  Neohibolites  ewaldi  (von  Strombeck,  1861) 

Species  Neohibolites  minimus  (Miller,  1826) 

Family  oxyteuthidae  Stolley,  1919 
Genus  aulacoteuthis  Stolley,  1911 
Species  Aulacoteuthis  speetonensis  (Pavlov,  1892) 

Suborder  belemnopseina  Jeletzky,  1965. 

Family  belemnitellidae  Pavlov,  1914. 

Genus  belemnellocamax  Naidin,  1964 
Species  Belemnellocamax  mammillatus  mammillatus  (Nilsson,  1826). 
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table  3.  Diagnosis  of  the  material  studied.  L,  total  length  of  specimen;  dtM,  maximum  transverse  diameter 
measured  in  the  dorsoventral  aspect;  and  see  Table  1 


Species  Type  material 

Diagnosis 

Cp  A lectotype  has  not  been  selected. 

See  Phillips  1865,  pp.  113-120;  Roger  1952,  pp. 
716-717;  Naef 1922,  pp.  249-253. 

Remarks:  (1)  London  Brick  Company  (LBC)  pit, 
Stewartby;  average  L = 110  cm,  SD  = 1-8  cm,  n = 
1 7,  average  dtM  = 1 -2  cm,  SD  = 0-25  cm,  n = 1 7 

(2)  LBC-pit  NN W of  Yaxley ; average  L = 111  cm, 
SD  = 1-7  cm,  n = 19;  average  dtM  = T2  cm,  SD  = 
0-2  cm,  n = 19 

(3)  North  Sea  boreholes;  only  fractured  specimens. 

(4)  See  text-fig.  2a. 

Hh  Holotype.  Described  by  Montfort, 

1808,  p.  387. 

See  Phillips  1865,  pp.  111-113;  Roger  1952,  pp. 
714-715;  Naef  1922,  p.  244. 

Remarks:  (1)  Riegraf  (1981,  pp.  81-82)  in  his  work 
on  German  specimens,  recognizes  3 subgenera  of 
the  genus  Hibolithes  Montfort,  1808,  and  4 
subspecies  of  the  species  Hibolithes  (Hibolithes) 
hastatus  Montfort,  1808.  According  to  Dr  P.  Doyle 
(pers.  comm.  1984),  the  British  Middle  to  Upper 
Jurassic  belemnites  are  in  need  of  revision,  and  no 
attempt  is  therefore  made  to  differentiate  subspecies 
in  the  present  study. 

(2)  Average  L and  dtM;  (a)  Tidmoor  Point;  2-8  cm, 
SD  = 0 5 cm,  n = 4;  0-41  cm,  SD  = 0-07  cm,  n = 4. 
(b)  Warboys;  3 0 cm,  SD  = 0-3  cm,  n = 5;  0-6  cm, 
SD  = 0 45  cm,  n = 6. 

(3)  See  text-fig.  2b. 

As  Lectotype.  Described  by  Swinnerton 

1948,  p.  52.  British  Museum  (Natural 
History)  No.  C42865. 

See  Swinnerton  1948,  pp.  46-52  and  Mutterlose 
1983,  pp.  66-67. 

Remarks:  (1)  This  specimen  was  fractured  through 
the  alveolar  and  apical  regions.  Consequently,  only 
sections  close  to  the  protoconch,  through  the  stem 
and  part  of  the  apical  region  could  be  examined. 

(2)  The  distinctive  feature  of  the  genus  Aulacoteuthis 
Stolley  is  the  presence  of  a median  furrow  which 
varies  greatly  in  extent  forwards  and  backwards  and 
in  its  depth  and  width  (Swinnerton  1948,  p.  45).  It 
is  difficult  to  estimate  the  length  of  this  furrow  in 
my  specimen.  Swinnerton  uses  the  length  of  this 
feature  as  a criterion  to  distinguish  A.  ascendens 
from  A.  speetonensis.  According  to  Mutterlose 
(1983),  however,  it  is  not  possible  to  differentiate 
these  two  species,  and  he  therefore  considers  A. 
ascendens  to  be  a synonym  of  A.  speetonensis. 
Swinnerton  moreover  uses  slimness  of  form  to 
distinguish  A.  ascendens  from  A.  absolutiformes 
(1948,  p.  48).  The  slimness  of  form  is  indeed  a 
characteristic  feature  of  my  specimen,  and  in  this 
respect  it  conforms  to  the  specimens  depicted  by 
Swinnerton  (1948,  pi.  13).  Due  to  the  slimness  of 
form  I prefer  to  ascribe  my  specimen  to  the  species 
Aulacoteuthis  speetonensis. 
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Table  3 ( cont .) 

Species  Type  material 

Diagnosis 

(3)  The  specimen  was  collected  in  the  slipped  beds  of 
Speeton  Clay  at  Speeton  Beck,  and  the  exact 
stratigraphic  position  is  thus  not  recognized. 

Rawson  (1972),  however,  recorded  Aulacoteuthis  sp. 
from  a limited  series  of  thin  beds  at  the  top  of  lower  B 
and  base  of  the  Cement  beds  at  Speeton.  Pyrite 
along  the  ventral  furrow  of  my  specimen  indicates 
that  it  probably  originates  from  the  LB2  bed,  which 
contains  highly  pyritic  clays  (Neale  1974,  p.  231, 
table  9). 

(4)  L = 4-5  cm,  dtM  = 0-7  cm  (fractured  specimen). 

(5)  See  text.  fig.  2c. 

Ne  Lectotype.  Swinnerton  (1936-55,  p.  65)  See  Swinnerton  1936-55,  pp.  64-66 


selected  the  specimen  figured  by 
d’Orbigny  1847  (pi.  9,  fig.  8)  as  the 
lectotype. 

Remarks:  (1)  The  specimen  presented  to  me  did  not 
have  its  alveolar  part  preserved,  and  the  ventral 
furrow  is  consequently  not  visible.  Lateral  lines  are 
weakly  developed.  The  ventral  margin  has  a gently 
convex  curvature  throughout  its  length  which 
becomes  markedly  convex  close  to  the  apex.  The 
apex  is  acute  and  symmetrical.  Transverse  sections 
are  semicircular  to  circular. 

(2)  L = 2-7  cm;  dtM  = 0-53  cm  (fractured  specimen) 

(3)  The  specimen  has  characters  more  compatible 
with  N.  ewaldi  than  with  N.  minimus.  It  is,  however, 
found  in  the  Red  Chalk  known  for  its  high  content 
of  N.  minimus  (Wilson  1948,  p.  63;  Swinnerton 
1936-55,  p.  78;  Neale  1974,  p.  231,  fig.  69).  The 
specimen  is  more  acute  compared  to  the  N.  minimus 
of  Mundays  Hill  and  Double  Arches.  Cross-sections 
are  semicircular  throughout  the  stem  region  as 
opposed  to  the  typical  subquadratic  to  quadratic 
shape  of  the  minimus  types  (Spaeth  1971a,  pp. 
59-60).  On  the  other  hand,  acute  forms  of  N. 
minimus  are  not  uncommon  (Swinnerton  1936-55, 
p.  73).  Although  this  classification  is  a matter  of 
dispute,  I shall  continue  to  refer  to  the  specimen  as 
Neohibolites  ewaldi. 

(4)  See  text-fig.  2d. 

Nm  Lectotype.  Described  by  Swinnerton  See  Spaeth  1971a,  pp.  59-60  and  Swinnerton 
1955,  p.  72,  figs.  8a-e.  British  Museum  1936-55,  pp.  71-74. 


(Natural  History)  No.  C44759. 

Remarks:  (1)  Spaeth  (1971a)  recognizes  3 subspecies 
of  Neohibolites  minimus.  No  attempt  is  made  in  this 
study  to  make  such  a differentiation. 

(2)  Average  L of  specimens  from  both  pits;  2-6  cm, 
SD  = 0-3  cm,  n = 129.  Average  dtM  = 0-45  cm,  SD 
= 0 06  cm,  n = 1 30. 

(3)  The  specimens  from  both  pits  probably  originate 
from  the  upper  part  of  the  Hoplites  spathi  subzone 
(part  of  the  dentatus  zone)  sediments,  as  these  are 
known  to  contain  numerous  rostra  of  N.  minimus 
(Owen  1972,  p.  307). 

(4)  See  text-fig.  2e. 
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Table  3 ( coni .) 


Species  Type  material  Diagnosis 


Bm  According  to  Christensen  (1975,  p.  44)  (1)  See  Christensen  1975,  pp.  44-46. 
a lectotype  has  never  been  selected.  (2)  See  text-fig.  2/ 

He  claims  that  the  figures  of  Nilsson 
(1827)  are  good  and  quite  sufficient  for 
the  recognition  of  the  species. 


text-fig.  2.  Position  of  cross-sections;  a,  Cylindroteuthis  puzosiana , right  lateral  (left)  and  ventral  (right) 
aspects  of  two  specimens,  opposing  surfaces  are  prepared  one  for  SEM,  the  other  for  thin-sectioning  and 
subsequent  inspection  by  means  of  ordinary  transmitted  light,  cathodoluminescence  and  blue-light  fluorescence 
microscopy;  b,  ventral  (left)  and  right  lateral  aspect  of  Hibolithes  (H.)  hastatus\  t\  right  lateral  (left)  and  ventral 
aspect  of  Aulacoteutliis  speetonensis;  d , right  lateral  (left)  and  ventral  aspect  of  Neohibolites  ewaldi;  e , ventral 
(left)  and  left  lateral  aspect  of  N.  minimus',  f,  right  lateral  (left)  and  ventral  aspect  of  Belemnellocamax 
mammillatus  mammillatus ; scale  bars,  1 cm. 
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RESULTS 

Preliminary  assessment  of  preservation 

A 'rough',  preliminary  assessment  of  the  state  of  preservation  of  rostra  was  carried  out  by  means 
of  a binocular  microscope  (Table  4).  Diagenetically  altered  zones  were  assumed  to  be  recognizable 
as  clearly  recrystallized,  translucent  zones  with  no  concentric  structures  (text-fig.  3d);  and/or 
opaque,  whitish  zones  with  poorly  defined  growth-rings,  though  the  latter  in  some  cases  seemed  to 
have  been  accentuated  by  diagenesis  (cf.  Stevens  and  Clayton  1971,  p.  869;  text-figs.  3a-g). 

Morphology  of  sections  revealed  by  SEM  study 

The  chemical  reaction  times  necessary  to  reveal  the  concentric  growth-ring  patterns  varied 
according  to  the  type  of  medium  used,  (whether  acid,  oxidizing  or  fixing  agent;  Table  2),  size  of 


table  4.  Preliminary  assessment  of  preservation  by  means  of  examination  under  a binocular  microscope; 

abbreviations,  see  Table  1 


Species 

Growth-rings 

Opaque  zones  with  poorly 
defined  or  accentuated 
growth-rings 

Comments 

Cp 

Clearly  discernible,  alternating 
brownish  and  whitish  rings. 

Mostly  confined  to  the  central 
regions  (around  the  alveolus 
and  the  apical  region)  and  at 
the  venter;  text-fig.  3a. 

The  whitish  rings  are  often 
discontinuous  and  generally 
thinner  than  the  brownish 
ones  (text-fig.  3 a).  Their 
discontinuous  nature  indicates 
a diagenetic  origin.  Clearly 
recrystallized,  translucent 
zones  are  present  in  a few 
sections  only. 

Hh 

Frequently  visualized  in  the 
opaque  zones,  otherwise  not 
as  clearly  defined  as  for  Cp. 

At  the  margins  of  adoral 
sections;  text-fig.  3b. 

Growth-rings  are  best  defined 
in  the  stem  sections  (text-fig. 
3 c).  Clearly  recrystallized, 
translucent  zones  are  present 
in  a few  sections  only. 

As 

Clearly  discernible,  alternating 
brownish  and  whitish  rings; 
text-fig.  3d. 

Anterior  sections  close  to  the 
alveolus  and  at  the  ventral 
furrow. 

Clearly  recrystallized, 
translucent  zones  are  present 
in  a few  sections  only  (text-fig. 
3d). 

Ne 

Alternating  diffuse  whitish  and 
brownish  rings;  text-fig.  3e. 

The  whitish  rings  are  generally 
thicker  compared  to  the  other 

species. 

Nm 

Alternating  whitish  and 
brownish  rings  more  difficult 
to  visualize  compared  to  the 
other  species. 

Around  the  alveolus;  text-fig. 
3f. 

Preservation  state  is  apparently 
very  good. 

Bm 

Not  clearly  discernible,  but  can 
be  accentuated  in  the  opaque 
zones.  The  brownish  calcite 
frequently  shows  thick  but 
poorly  defined  growth-rings. 

Adoral  sections  frequently 
show  a whitish  marginal  zone 
which  undulates  towards  the 
centre,  and  a distinct  whitish 
zone  around  the  apical  line 
and  pseudo-alveolus;  text-fig. 
3g. 

Between  the  marginal  and 
central  whitish  zone  there  is 
an  area  of  brownish  calcite. 
Sections  through  the  stem 
region  show  the  fewest 
diagenetic  fabrics. 
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G 

text-fig.  3.  All  photos  of  cross-sections  under  ordinary  incident  light  (OIL).  Al,  apical  line;  vF,  ventral  furrow; 
dtM,  maximum  transverse  diameter  (cf.  Stevens  1965);  see  also  Table  3 and  text-fig.  7;  a,  Cylindroteuthis 
puzosiana  d'Orbigny,  Middle  Callovian,  England,  posterior  part  of  stem  region,  ventral  side  faces  downwards, 
note  asymmetry  of  section  (i.e.  the  apical  line,  Al,  is  closer  to  the  venter),  distinct  whitish  growth-rings  (g)  are 
present,  x3-3;  B,  c,  Hibolithes  ( H .)  hastatus  Montfort,  Lower  Oxfordian,  England,  ventral  side  faces 
downwards;  b,  anterior  part  of  stem  region,  note  whitish  zones  around  apical  line  (Al)  and  periphery,  x 8-9; 
c,  same  specimen,  section  through  the  dtM,  note  that  the  whitish  outer  zone  has  disappeared,  clearly  defined 
whitish  growth-rings  are  present,  x89;  d,  Aulacoteuthis  speetonensis  Stolley,  Barremian,  England;  stem 
region,  ventral  side  faces  downwards,  note  asymmetry  of  section  and  recrystallized  dorsolateral  zone  (re), 
x4-6;  e,  Neohibo/ites  ewaldi  (v.  Strombeck),  Upper  Albian,  England;  section  through  the  dtM,  ventral  side 
faces  downwards,  note  semicircular  shape  of  cross-section,  and  distinct  whitish  rings  (g),  no  lateral  lines  are 
visible,  x 10  3;  F,  N.  minimus  (Miller),  Middle  Albian,  England;  close  to  protoconch,  ventral  side  at  left-hand 
side,  note  the  subquadratic  shape  of  section,  lateral  lines  (L),  diffuse  whitish  rings  (g),  and  bright  whitish  zone 
around  the  apical  line  (Al),  x 8-3 ; G,  Belemnellocamax  mammillatus  mammillatus  (Nilsson),  Uppermost  Lower 
Campanian,  Sweden;  alveolar  region,  ventral  side  faces  downwards,  note  the  heart-shaped  section,  whitish 
zones  proximal  to  pseudoalveolus  (Al)  and  at  periphery,  whitish  discontinuous  rings  (g)  and  radial  structures 

(r);  x 4-3. 
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specimen,  and  position  of  section  within  the  rostrum  (whether  alveolar,  stem,  or  apical  sections). 
Smaller  specimens  and  alveolar  sections  generally  needed  the  shorter  exposure  times.  Optimal 
exposure  times  were  determined  by  inspecting  the  slabs  under  a binocular  microscope.  Examination 
under  a SEM  prior  to  this  stage  failed  to  reveal  more  ‘delicate’  growth-rings.  Investigation  under 
a binocular  microscope  is  a rapid  and  fairly  reliable  way  to  assure  an  appropriate  degree  of  chemical 
etching,  compared  to  the  time-consuming  inspection  under  SEM. 

Dilute  acids  (Table  2)  reveal  growth-rings  as  alternating  thin  and  thick  layers,  where  the  thin  layers 
appear  as  microtopographic  ‘highs’  (see  Barskov  1970).  This  morphology  is  by  and  large  common 
to  all  of  the  species  studied  (PI.  84,  figs.  1 and  2;  see  also  text-fig.  10). 

Hydrogen  peroxide  (Table  2)  produces  a similar,  but  ‘negative’  image  (PI.  84,  figs.  3 and  5;  cf  fig. 

4) .  The  rounded  crystal  corners  revealed  by  this  medium  are  probably  an  effect  of  a ‘transport- 
controlled’  dissolution  process  (Berner  1980,  p.  106).  However,  the  organic  acids  produced  would 
probably  be  weak  and  normally  facilitate  a ‘surface  reaction-controlled  ’ dissolution  process  (Berner 
1980,  p.  106).  Unfortunately,  the  pH  of  the  reaction  was  not  controlled,  and  thus  it  is  difficult  to 
interpret  whether  this  fabric  is  due  to  diagenesis  (cf.  Al-Aasm  and  Veizer  1986)  or  simply  to  the 
dissolution  process  of  calcite  during  treatment  with  the  hydrogen  peroxide. 

Glutardialdehyde  (Table  2)  reveals  growth-rings  clearly  (PI.  84,  figs.  6 and  7),  and  although  radial 
structures  are  revealed  as  well,  the  expression  is  somewhat  inferior  to  that  produced  by  the  other 
chemical  media. 

Summary  of  SEM  results.  Growth-rings  were  by  and  large  recognizable  under  SEM  after  the 
application  of  etching,  oxidizing  and  fixing  agents.  H.  (H.)  hastatus  and  B.  mammillatus  s.s.  showed 
less  defined  rings  compared  to  the  other  belenmite  species  (PI.  85,  figs.  1 and  2;  PI.  86,  fig.  7). 

Blue-light  fluorescence  microscopy  of  thin  sections 

The  BL  studies  of  belemnite  cross-sections  revealed  growth-rings  not  visible  under  ordinary 
transmitted  light  (text-fig.  4a-d),  and  diagenetic  features  (text-figs.  4 and  5;  see  also  Table  7).  BLF 
reveals  many  more  growth-rings  than  are  normally  apparent  under  a microscope  (text-figs.  4b  and 
d;  text-figs.  5 b and  C).  Growth  rings  of  H.  ( H .)  hastatus  and  B.  mammillatus  s.s.,  however,  are 
generally  more  difficult  to  discern  (text-fig.  4f;  text-figs.  5a  and  d). 

X-ray  diffractometry 

The  mineralogy  of  the  rostra  studied  was  shown  by  XRD  to  be  low-Mg  calcite  (text-fig.  6) 

Total  organic  carbon  analysis 

This  analysis  was  undertaken  to  demonstrate  the  existence  of  organic  matter  in  the  rostra  (Table 

5) . 

Diagenetic  features 

In  this  study  diagenesis  is  considered  to  be  physical  and  chemical  post-mortem  changes  of  belemnite 
shell  parts,  including  dissolution,  cementation  and  recrystallization.  Organic  diagenesis  will  only  be 
briefly  commented  upon. 

Scanning-electron  microscopy,  sem  studies  revealed  cements,  as  well  as  sediment-filled  fractures  and 
growth-rings  (PI.  84,  figs.  6,  8 and  9;  PI.  85,  figs.  1,  4 and  8;  PI.  86,  figs.  1-3).  In  some  cases,  the 
effect  of  diagenesis  is  probably  seen  as  a fusing  of  radial  structures  into  more  or  less  distinct  and 
smooth  ‘tabular’  growth-rings  (PI.  86,  figs.  5 and  7,  and  see  Barskov  1970,  p.  559). 


776 


PALAEONTOLOGY.  VOLUME  32 


text-fig.  4.  All  photos  of  cross-sections.  OTL.  ordinary  transmitted  light;  BL,  blue-light  fluorescence;  see  also 
text-fig.  7 and  Tabic  3.  a e.  Cylindroteuthis  puzosiana  (d'Orbigny),  Callovian,  England;  a,  alveolar  section, 
ventral  side  close  to  the  alveolus  (Al);  OTL,  x 52 ; b,  same  section,  BL;  note  laminar  fluorescence  of  the  original 
rostral  fabric  (o),  'type-A'  is  bright  yellowish  under  BL  (a),  'type-B'  is  non-fluorescent  (b),  compare  PI.  84, 
fig.  6 which  is  an  SEM  photo  of  the  same  section;  c,  anterior  part  of  stem  region,  ventral  side,  OTL;  f,  fracture, 
x20-8;  d,  same  section,  BL;  note  that  the  translucent  part  of  apical  region  is  non-fluorescent  (b),  whilst  the 
opaque  zone  (OTL)  is  bright  yellowish  (a)  under  BL,  notice  also  the  numerous  fluorescent  growth-rings  made 
visible;  E,  alveolar  section,  BL;  the  non-fluorescent  cement  (b)  in  this  fracture  system  is  bright  luminescent 
under  CL  (type-B),  x 52;  f,  Hibolithes  (H.)  hastatus  Montfort,  Lower  Oxfordian.  England;  section  through  the 
dtM,  ventrolateral  side  close  to  the  apical  line,  BL;  note  the  bright  yellowish  fluorescence  of  apical  line  area 
(Al)  and  of  some  prominent  growth-rings  (2A);  h,  borehole,  x 52. 
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text-fig.  5.  a,  Hibolitlies  (//.)  hastatus  Montfort,  Lower  Oxfordian,  England;  dorsal  side  of  specimen  in  text- 
fig.  4f;  BL;  the  bright  fluorescent  laminae  (2A)  are  bright  luminescent  under  CL  and  opaque  under  OTL, 
compare  text-fig.  7c;  H,  borehole,  x 52;  b,  Aulacoteuthis  speetonensis  Stolley,  Barremian,  England;  anterior 
part  of  stem  region,  at  the  periphery;  BL;  non-fluorescent  zones  (s)  between  radial  structures  are  present  in  the 
outer  region,  but  difficult  to  detect  in  a black  and  white  print;  growth-rings  are  also  less  fluorescent  here;  non- 
fluorescent  rim  cement  (B,  corresponds  to  type-B  under  CL),  x 52;  c,  Neohibolites  minimus  (Miller),  Middle 
Albian,  England;  right  lateral  side  close  to  the  apical  line;  note  semi-circular  thick  growth  rings  (G)  close  to  the 
apical  line,  and  the  asymmetric  thinner  ones  (g)  towards  the  periphery;  L,  lateral  line;  BL,  x52;  d, 
Belemnellocamax  mammillatus  mammillatus  (Nilsson),  Uppermost  Lower  Campanian,  Sweden;  section 
through  the  dtM-region,  apical  line  (Al)  and  ventrally;  BL;  note  the  ‘ diffuse ’ fluorescence  (A,  corresponds  to 

type-A  luminescence),  x 52. 


Cathodoluminescence.  The  majority  of  thin  sections  studied  show  reddish  luminescence  only  in 
certain  zones  (Table  6): 

(1 ) Fractures,  which  are  often  difficult  to  detect  under  ordinary  transmitted  light  (OTL),  and  may 
be  translucent,  opaque,  or  even  ‘invisible’  (text-fig.  7a  and  b). 

(2)  Growth-rings,  some  of  which  are  continuous  to  discontinuous,  brightly  luminescent,  and  appear 
either  as  dark  opaque  bands  (text-figs.  7a-c  and  f;  8 a,  b),  or  as  translucent  bands  under  OTL 
(text-fig.  7a);  others  are  continuous  to  discontinuous,  bright  to  dull  luminescent,  and  seemingly 
invisible  under  OTL  (text-figs.  7a-d). 

(3)  Radial  structures  which  are  luminescent  along  the  edges,  or  as  a whole,  and  are  opaque, 
translucent  or  invisible  under  OTL  (text-fig.  8d). 

(4)  Cements  of  the  apical  line  and  rim  (text-fig.  7a-d). 

The  luminescent  fabrics  are  referred  to  as: 

(1)  ‘Type-A’,  which  is  opaque  (OTL),  bright  reddish  and  sometimes  bluish  (CL). 

(2)  ‘Type-B’,  which  is  translucent  (OTL),  bright  reddish  to  reddish  (CL). 
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text-fig.  6.  X-ray  diffractograms  of  a Cylindroteuthis  puzosiana ; rostrum  cavum  and  rostrum  solidium. 


table  5.  Analyses  of  total  organic  carbon  (TOC)  of  ten  cross-sectioned  slabs  of  seven  belemnite  rostra. 
Cpl-1,  alveolar  section  of  Cylindroteuthis  puzosiana ; CpI-A  and  B,  Cp3-3,  Cpl6,  stem  sections  of  three 
C.  puzosiana ; TP-I  and  II,  stem  sections  of  Hibolithes  (H.)  hastatus  from  Tidmoor  Point;  Nm-I  and  II,  stem 
sections  of  Neohibolites  minimus ; Bm25,  stem  section  of  Belemnellocamax  mammillatus  mammillatus 


Sample 

TOC  (ppm  of 
‘whole  rock’) 

CpI-A 

33 

CpI-B 

44 

Cpl-1 

33 

Cp3-3 

69 

Cpl6 

29 

TP-I 

580 

TP-II 

180 

Nm-I 

Traces 

Nm-II 

Traces 

Bm25 

88 

(3)  ‘Type-C’,  which  is  ‘invisible’  (OTL),  faintly  reddish  to  reddish  and  sometimes  bluish  (CL). 

These  features,  however,  are  frequently  difficult  to  recognize  on  black  and  white  photographs. 

Summary  of  CL  results.  All  of  the  belemnite  species  studied  show  various  luminescent  features. 
H.  ( H .)  hastatus  and  B.  mammillatus  s.s.  both  show  numerous  luminescing  fabrics,  whereas 
C.  puzosiana , A.  speetonensis,  N.  ewaldi  and  N.  minimus  generally  exhibited  fewer.  In  the  latter  four 
species,  most  of  the  luminescence  was  confined  to  an  area  around  the  alveolus  and  pseudoalveolus 
as  well  as  the  apical  line.  No  luminescence  was  observed  in  the  rostral  substance  adjacent  to 
fractures  (text-fig.  9). 

As  previously  mentioned,  BLF  data  also  provide  information  about  diagenesis,  especially  when 
combined  with  other  data  (Table  7).  The  type-A  luminescent  fabrics  are  bright  yellowish  under  blue 
light,  and  invariably  stain  reddish.  However,  they  show  dull  to  very  dull  greenish  to  yellowish 
fluorescence  in  some  cases  (text-fig.  5d).  The  type-B  luminescent  fabrics,  on  the  other  hand,  are 
invariably  non-fluorescent,  and  stain  bluish.  Type-C  luminescent  fabrics  are  not  distinguished  under 
blue  light,  nor  under  OTL,  and  stain  reddish.  All  sections  stained  reddish,  with  bluish  colour 
confined  to  ‘type-B’  fabrics.  N.  ewaldi  and  B.  mammillatus  s.s.  stained  reddish  only. 
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INTERPRETATION  AND  DISCUSSION 
Interpretation  of  morphological  features 

Acid  preferentially  etches  away  the  calcite-rich  areas.  Microtopographic  ‘highs'  (text-fig.  10)  thus 
represent  organic-rich  zones  (laminae  obscurae  of  Muller-Stoll  1936)  or  ‘diagenetic’  (e.g.  iron  rich) 
areas  that  are  less  easily  attacked  by  weak  acids.  These  ‘highs’  (organic  rich  laminae)  correspond  to 
‘lows’  under  hydrogen  peroxide  treatment.  The  fact  that  radial  structures  are  clearly  outlined  by 
means  of  hydrogen  peroxide  points  to  the  presence  of  organic  matter  between  them  (see  also  Spaeth 
1975,  p.  329).  Interfaces  between  radial  structures  revealed  by  both  hydrogen  peroxide  and  weak 
acids  can  be  correlated  in  some  cases.  These  interfaces  probably  have  a lower  content  of  organic 
matter  compared  to  those  revealed  by  hydrogen  peroxide  only  (PI.  84,  figs.  4 and  5).  The 
distribution  of  organic  matter  is  also  evident  from  the  BLF  study  (text-figs.  4 and  5),  but  interfaces 
between  radial  structures  are  not  clearly  recognizable;  i.e.  any  organic  material  between  radial 
structures  probably  gives  a very  weak  signal,  because  only  the  concentric  fluorescence  pattern  is 
apparent.  Non-fluorescent  (and  apparently  non-cemented)  zones,  however,  may  be  encountered 
particularly  in  the  outer  regions.  These  are  probably  devoid  of  organic  matter  (text-fig.  5b;  PI.  87, 
fig.  7). 

As  mentioned  earlier,  glutardialdehyde  reacts  with  organic  material,  especially  proteins.  The 
exact  reaction  pattern  is  unknown,  but  the  aldehyde  groups  most  probably  react  with  peptide  bonds 
or  — NH2  groups  of  free  amino  acids  (Iversen  1973). 

Although  proteins  in  fossil  material  are  easily  degraded,  free  amino-acids  have  been  reported 
from  belemnite  rostra  by  several  authors  (see  Drozdova  1969;  Westbroek  et  al.  1979).  The  same  is 
indicated  by  preliminary  analyses  made  by  the  present  author.  Whether  there  are  chemical 
components  in  the  insoluble  organic  fraction  (Table  5)  that  are  capable  of  reacting  with  the 
glutardialdehyde  is,  however,  unknown.  The  glutaric  acid  component  more  easily  attacks  the 
organic-poor  zones,  and  the  combined  effects  thereby  produce  more  or  less  clearly  discernible 
growth-rings,  where  the  topographically  high  and  thick  layers  are  fixed  by  the  aldehyde,  and  the  low 
thinner  layers  are  etched  by  the  acid  component  (PI.  84,  figs.  6 and  7;  PI.  85,  figs.  1-7;  PI.  86,  figs. 
1,  6 and  8;  see  also  text-fig.  1 1).  Prolonged  etching,  however,  will  lead  to  a shrinkage  of  the  zones 
initially  fixed  by  the  aldehyde  (text-fig.  12).  This  seemingly  contradicts  the  observations  by  Muller- 
Stoll  (1936,  p.  176)  and  the  present  author’s  experiments  with  weak  acids,  where  laminae  pellucidae 
appear  to  be  many  times  thicker  than  laminae  obscurae  (text-fig.  10).  This  difference  can  be 
accounted  for  by  the  following  mechanism  (text-fig.  13). 

(1)  Organic  matter  is  distributed  throughout  the  section,  but  the  concentration  varies  along  radial 
structures  in  a laminar  fashion.  A similar  variation  is  observed  in  shells  of  modern  molluscs 
(Gregoire  1972,  p.  51 ). 

(2)  The  aldehyde  component  will  react  with  the  organic  material,  particularly  if  the  organic/ 
inorganic  ratio  is  high  and  suitable  chemical  compounds  are  available  to  react  with  the 
aldehyde  groups. 

(3)  The  glutaric  acid  will  preferentially  etch  areas  where  the  morganic/organic  ratio  is  high.  The 
acid  effect  is  particularly  evident  in  zones  where  there  is  an  abrupt  change  in  the  concentration 
of  organic  matter  (PI.  87,  figs.  4 and  5). 

Another  fact  worth  mentioning  is  that  the  areas  fixed  by  aldehyde  are  also  observed  along  radial 
structures  in  some  places  (PI.  85,  fig.  6).  These  areas  may  contain  remnants  of  organic  material. 

Diagenesis 

All  specimens  subjected  to  XRD  analysis  showed  invariably  a low-Mg  calcite  mineralogy  (text-fig. 

6) ,  and  the  majority  showed  no  signs  of  obvious  recrystallization  (Table  4).  One  cannot  conclude, 
however,  that  they  were  unaffected  by  diagenesis  as  this  is  contradicted  by  the  CL  data  (Table  6; 
see  also  text-fig.  9).  Fusion  of  growth-rings  is  recognizable  in  most  specimens  (Pi.  86,  figs.  3,  5 and 

7)  and  can  often  be  correlated  with  reddish  luminescence  of  type-A  or  -B  (see  earlier  text).  In  those 
cases  where  fusion  is  not  accompanied  by  luminescence,  there  are  reasons  to  believe  that  the  process 


text-fig.  7.  Unless  otherwise  specified,  photos  are  of  cross-sections.  CL,  cathodoluminescence ; DF,  dark  field; 
A,  type-A  luminescence  (including  1,  fractures  and  2,  growth-rings);  B,  type-B  luminescence  (including  1, 
fractures  and  2,  growth-rings);  C,  type-C  luminescence  (including  1,  fractures  and  2,  growth-rings),  a,  b, 
Cylindrnteuthis  puzosiana  (d’Orbigny),  Callovian,  England;  a,  alveolar  section  proximal  to  sediment-filled 
alveolus  ( A 1 ) ; CL,  exposure  time,  1 min. ; note  the  many  ‘2C’  not  detectable  under  OTL,  some  of  these  are  only 
faintly  luminescent,  and  consequently  hard  to  detect  in  a black  and  white  print;  note  also  the  dark  ‘empty’ 
fracture  (f),  the  ‘IB’,  ‘1A’,  ‘2A’  and  ‘2B’;  the  artificial  fracture,  i.e.  preparation  artifact  (af)  is  light  bluish, 
and  shows  a bright  yellowish  fluorescence,  x23;  b,  stem  section,  apical  line  area,  ventral  side;  CL,  exposure 
time,  8 mins.  (DF);  note  bright  luminescent  rings  (‘2A’,  ‘2C’)  close  to  the  ventral  surface,  and  ‘typc-B’  of  the 
apical  line  (Al),  x 51  ; c,  d,  Hibolithes  (H.)  hastatus  Montfort,  Callovian  and  Lower  Oxfordian,  England;  c, 
section  through  dtM,  dorsal  side;  Cl,  exposure  time,  2 mins.;  notice  clearly  discernible  ‘2A’  and  ‘2C’,  some 
of  which  are  buckled;  note  also  the  luminescent  rim  cement  (B,  type-B),  x 268;  D,  anterior  part  of  stem  region; 
CL,  exposure  time,  5 mins.;  note  clearly  luminescing  rings  ( ‘ 2C ’ ) and  rim  cement  (b,  type  B);  compare  PI  85, 
figs.  1 and  2,  which  show  the  same  section  in  a ventral  aspect ; the  more  diffuse  expression  of  growth-rings  might 
be  due  partially  to  a diagenetic  modification  of  the  low-Mg  calcite  skeleton;  FI,  borehole,  x268;  E,  F, 
Neoliiboliles  minimus  (Miller),  Middle  Albian,  England;  E,  close  to  protoconch,  OTL;  note  the  opaque 
sediment-filled  zone  around  the  apical-line  area  (Al),  x 26  8;  F,  same  section;  CL,  exposure  time,  5 mins.;  note 
the  ‘type-A  and  -B’  (a,  b)  of  the  apical  line  and  sediment-filled  zone;  compare  PI.  86,  fig.  2 which  shows  the 

same  section  under  SEM. 
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table  6.  Ranking  of  the  amount  of  luminescent  fabrics  and  dominant  luminescent  types 
among  the  different  species.  2A,  B and  C,  luminescent  growth-rings  of  type-A,  -B  and  -C; 

see  also  Table  1 


Species 

Amount  of 
luminescing 
features ; 
ranking 
( 1 = highest 
amount) 

Dominant  luminescence  types 

Cp 

3 

Frequently  dominated  by  ‘2A’  and  ‘ 2C’  in  the  alveolar 
sections.  ‘2A’  dominates  ventrally  in  the  apical  sections; 
text-fig.  7 a,  b. 

Hh 

1 

Most  sections  dominated  by  fc2C'  and  fc2A';  text-fig.  7c, 

D 

As 

4 

As  for  Cp,  but  ventral  luminescence  less  pronounced. 

Ne 

6 

As  for  Nm,  but  generally  less  reddish  luminescence.  ‘2C’ 
and  occasionally  ‘2A’  are  bluish 

Nm 

5 

‘2A’  generally  confined  to  area  close  to  the  alveolus;  text, 
fig.  7e,  f;  8 a,  b. 

Bm 

2 

Type-A  of  growth-rings  in  peripheral  zones,  around  the 
apical  line  and  alveolus,  as  well  as  along  radial  structures; 

text-fig.  8 c,  d. 


table  7.  Correlation  of  fabrics  as  seen  under  CL,  cathodoluminescence ; BL,  blue- 
light  fluorescence;  OTL,  ordinary  transmitted  light;  OIL,  ordinary  incident  light; 
and  by  means  of  staining 


CL 

BLF 

OTL 

OIL 

Staining 

Type-A 

Bright  yellowish 

Opaque 

Whitish 

Reddish 

Type-B 

Non-fluorescent 

Translucent 

Translucent 

Bluish 

Type-C 

Not  distinguished 

‘Invisible’ 

‘ Invisible  ’ 

Reddish 

was  an  early  diagenetic  effect  of  the  marine  environment  (see  Wilkinson  1982,  pp.  198-203; 
Sandberg  1985;  Al-Aasm  and  Veizer  1986)  or  possibly  even  an  in  vivo  process  (Hiickel  and 
Hemleben  1976,  p.  364).  H.  (H.)  hastatus  and  B.  mammillatus  s.s.  showed  extensive  diagenetic 
alterations  in  the  alveolar  region  (text-figs  3b,  g;  compare  text-fig.  8c).  This  diagenetic  pattern 
was  probably  controlled  by  the  original  morphology,  as  it  has  been  encountered  in  all  specimens  of 
these  two  species.  They  all  show  relatively  thick  and  poorly  defined  growth  increments  related  to 
the  early  ontogenetic  stages,  and  thinner,  more  easily  recognizable  rings  of  later  origin.  The 
products  of  these  later  stages  were  frequently  susceptible  to  diagenesis  (PI.  85,  fig.  1 ; PI.  86,  fig.  7). 
The  similarity  of  growth-ring  pattern  in  these  two  species,  and  the  fact  that  they  originated  from 
different  sedimentary  environments  (Table  1 ),  further  support  the  notion  that  their  original  rostral 
structure  controlled  the  pattern  of  diagenetic  alteration. 

Type-A  and  -B  luminescent  features.  These  diagenetic  features  (text-figs.  7,  4e)  are  probably  the 
result  of  differential  dissolution  and  cementation  of  the  rostrum.  The  translucent  (type-B)  zones 
invariably  stain  bluish,  and  may  represent  a cement  formed  in  or  below  the  sulphate-reduction  zone 
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text-fig.  8.  a,  b,  Neohibolites  minimus  (Miller),  Middle  Albian,  England.  Abbreviations;  see  text-figs.  4,  7. 

a,  longitudinal  section  close  to  the  apex,  OTL;  note  the  opaque  zone  which  make  up  the  apical  line,  x 26-8; 

b,  same  section;  CL,  exposure  time,  6 mins.;  notice  the  bright  reddish  'type-A  and  -C’  of  the  apical  portion 
of  growth-rings;  c,  d,  Belemnellocamax  mammillatus  mammillatus  (Nilsson),  Uppermost  Lower  Campanian, 
Sweden;  C,  alveolar  section,  right  lateral  side  close  to  the  periphery;  CL,  exposure  time,  50  secs.  (DL);  notice 
the  ‘type-A’  of  the  ‘structureless’  undulating  outer  zone  (compare  text-fig.  3g),  x51;  D,  stem  section, 
dorsolateral  side  § the  distance  from  apical  line  towards  periphery;  CL,  exposure  time,  6 mins.  (DL);  note  the 

‘type-A’  along  radial  structures  and  growth-rings  (arrows),  x 51. 

(Hudson  1978;  Curtis  1980,  pp.  192-193;  1987).  The  fact  that  the  blue-stained  zones  are 
bright  reddish  under  CL,  probably  indicates  that  beside  their  high  iron  concentration  (see 
Oldershaw  and  Scoffin  1967),  these  zones  also  contain  manganese  (see  Nickel  1978;  Pierson  1981 ; 
Frank  et  al.  1982;  Fairchild  1983;  ten  Have  and  Heijnen  1985;  Machel  1985;  Mason  1987).  The 


EXPLANATION  OF  PLATE  84 

Figs.  1-9.  Cylindroteuthis  puzosiana  (d’Orbigny),  scanning-electron  micrographs.  Callovian,  England.  Unless 
otherwise  specified,  gun  voltage  is  25  kV  and  photos  are  of  cross-sections.  1,  concentric  growth-rings  of  the 
anterior  part  of  stem  region;  1 % HC1,  3 mins;  gun  voltage,  10  kV.  x 200.  2,  detail  of  fig.  1,  showing  growth- 
rings  (g)  and  radial  structures  (r).  x 1000.  3,  part  of  ventrolateral  side  of  stem  section  halfway  between  the 
apical  line  and  periphery;  35%  H2CL,  48  hrs.  x 76.  4,  apical  line  area  of  stem  section;  1 % HC1,  3 mins.;  d, 
diagenetic  fabrics  (‘type-A’).  x 100.  5,  section  shown  in  fig.  4;  35%  H202,  48  hrs.;  c,  contaminant.  6, 
growth-rings  close  to  sediment-filled  alveolus  (Al);  25%  glutardialdehyde,  6 hrs.;  d,  diagenetic  fabrics 
(including  both  ‘type-A  and  -B’).  x 76.  7,  detail  of  fig.  6,  showing  radial  structures  (r)  and  growth-rings;  i.e. 
topographic  high  (TH)  and  low  (TL)  layers,  x 3784.  8,  alveolar  section  showing  cemented  fractures  (0 ; 25  % 
glutardialdehyde,  10  hrs.;  the  cement  is  bright  reddish  under  CL  (‘type-B’).  x 76.  9,  apical  section  close  to 
the  ventral  furrow  (vf);  25  % glutardialdehyde,  16  hrs. ; d,  diagenetic  fabrics  (‘type-A’),  dark  part  of  fracture 
is  filled  with  mounting  medium  (M).  x 34-4. 


PLATE  84 


SAZLLN,  Cylindroteuthis  puzosiana 


784 


PALAEONTOLOGY,  VOLUME  32 


Lamellae  (I) 


Fractures  (I) 


Apical  line 
region  (I) 

Least  altered 
lamellae  (II) 

Apical  part  ot 
lamellae  (I) 


text-fig.  9.  Schematic  luminescence  pattern  for  Cp, 
As,  Ne  and  Nm;  I,  bright  reddish  luminescence;  II, 
faint  reddish  luminescence.  Abbreviations;  see  Table 
1 (Fig.  from  Stelen  and  Karstang  1989.). 


concentrations  of  Fe2+  and  Mn2+  and  their  ratios,  however,  have  not  been  systematically  evaluated 
in  the  present  study. 

The  type-A  features  are  more  difficult  to  explain,  but  may  be  due  to  a differential  recrystallization 
of  the  rostrum  (see  Al-Aasm  and  Veizer  1986).  The  bright  yellowish  fluorescence  of  these  zones, 
compared  to  the  weaker  fluorescence  of  presumed  original  rostral  material,  may  indicate  that 
organic  matter  in  these  zones  has  been  altered  by  diagenetic  fluids.  As  most  of  the  sedimentary 
environments  involved  are  known  for  their  rich  biogenic  content  (Casey  1966;  Duff  1975),  another 
explanation  might  be  that  organic  molecules  have  been  incorporated  from  the  sediments  during 
diagenesis. 

As  various  trace  elements  are  able  to  evoke  fluorescence,  the  variation  in  the  intensity  of 
fluorescence  could,  of  course,  be  ascribed  partly  to  differences  in  the  inorganic  content.  However, 
all  of  the  sections  studied  show  relatively  high  fluorescence  intensity  across  their  surfaces  (though 
weaker  than  the  diagenetic  type-A  fabrics)  and  the  intensity  of  fluorescence  of  many  organic 
substances  is  known  to  be  very  strong  (cf.  van  Gijzel  1979,  p.  11).  Accordingly,  it  is  reasonable  to 
infer  that  at  least  the  ‘non-diagenetic’  patterns  observed  under  BLF  are  due  to  a primary  variation 
in  organic  content  within  the  rostra  (see  Dravis  and  Yurewicz  1985,  p.  796  and  pp.  802-803). 


EXPLANATION  OF  PLATE  85 

Figs.  1-3.  Hibolithes  (Hibolithes)  hastatus  Montfort,  scanning-electron  micrographs.  Callovian  and  Lower 
Oxfordian,  England.  Unless  otherwise  specified,  gun  voltage  is  25  kV,  and  photos  are  of  cross  sections.  1, 
anterior  part  of  stem  section,  ventral  side  faces  downwards;  25%  glutardialdehyde,  5hrs.;  note  the  late 
asymmetrical  growth  stage  (As)  and  the  diagenetic  fabrics  (d,  ‘type-A’)-  x 76.  2,  detail  of  growth-rings  in 
fig.  1 ; notice  the  thin  and  less  distinct  rings  (g)  which  make  up  a larger  one  (G);  these  rather  ‘diffuse’  growth- 
rings  (cf.  fig.  3)  are  probably  the  result  of  a diagenetic  modification  of  the  low-Mg  calcite  skeleton  (cf.  text- 
fig.  7d).  x 378-4.  3,  close-up  of  growth-rings  in  the  anterior  part  of  stem  section,  x 3784. 

Figs.  4,  5.  Aulacoteuthis  speetonensis  Stolley,  Barremian,  England.  4,  stem  region,  ventral  side  with  furrow  (vf) 
facing  downwards;  25%  glutardialdehyde,  6hrs.;  note  the  lateral  lines  (L)  and  fracture  (0  filled  with 
mounting  medium,  x 34-4.  5,  stem  section,  close-up  of  growth-rings,  x 3784. 

Figs.  6,  7.  Neohibolites  ewaldi  (v.  Strombeck),  Upper  Albian,  England.  6,  growth-rings  of  anterior  part  of  stem 
section;  25%  glutardialdehyde,  5 hrs. ; note  the  inter-radial  zone  (arrow)  fixed  by  aldehyde,  x 344.  7,  section 
through  the  maximum  transverse  diameter,  close-up  of  growth-rings;  25%  glutardialdehyde,  6 hrs  x 3784. 

Fig.  8.  Neohibolites  minimus  (Miller),  Middle  Albian,  England.  Longitudinal  section  close  to  the  alveolus  (left); 
25%  glutardialdehyde,  5 hrs.,  pre-etched  with  5%  acetic  acid,  20  secs.;  note  the  diagenetic  fabrics  (d,  ‘type- 
A’).  x 378-4. 
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text-fig.  10.  Radial  structures  and  growth  layers 
depicted  by  etching  with  weak  acids. 


text-fig.  1 1.  Treatment  with  25%  glutardialdehyde, 
pH  ~ 4 0. 


Type-C  luminescent  features.  This  luminescence  is  not  easily  correlated  with  either  SEM  or  BLF 
features.  However,  when  inspected  under  SEM,  B.  mammillatus  s.s.  and  H.  ( H .)  hastatus  in  some 
cases  reveal  radial  structures  seemingly  stuck  on  top  of  one  another.  This  fabric  is  correlated  with 
type-C  luminescence  (PI.  85,  fig.  2;  cf.  text-fig.  7d).  This  type  of  luminescence  may  be  attributed  to 
thin  coatings  of  syntaxial  cement  on  the  biogenic  crystals  (Bathurst  1975),  although  such  cements 
could  not  be  distinguished  in  the  present  study.  On  the  other  hand,  it  may  be  attributed  to  a 
differential  recrystallization  along  the  edges  of  crystals.  The  low-Mg  calcite,  despite  its  relative 
stability,  sometimes  suffers  differential  recrystallization  which  causes  fusing  of  micro-structural 
units  and  rounding  of  prism  corners  (Al-Aasm  and  Veizer  1986,  p.  142).  A similar,  partially 
diagenetic  modification  has  been  advocated  for  belemnite  rostra  by  other  authors  (Veizer  1974). 
According  to  Ragland  et  al.  (1979),  however,  diagenetic  changes  in  the  elemental  composition  of 
mollusc  shells  are  even  possible  prior  to  apparent  recrystallization,  though  no  explanation  is  given  as 
to  what  mechanisms  are  involved. 
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Scanning-electron  micrographs  of  cross-sections.  Unless  otherwise  specified,  gun  voltage  is  25  kV. 

Abbreviations  see  text-fig.  3,  and  Plate  85. 

Figs.  1-6.  Neohibolites  minimus  (Miller),  Middle  Albian,  England.  1,  close  to  protoconch,  ventral  side  faces 
downwards  and  slightly  towards  the  right;  25%  glutardialdehyde,  5 hrs.,  pre-etched  with  5%  acetic  acid, 
20  secs.;  note  the  cemented  apical  line  area  (Al,  ‘type-B')  and  the  fused  'type-A'  growth-rings  (d)  x 76.  2, 
close  to  protoconch;  25%  glutardialdehyde,  5 hrs.,  pre-etched  with  5%  acetic  acid,  20  secs. ; note  the 
diagenetic  fabrics;  A,  cement  of  the  apical  line  area  (large  arrow);  B,  dissolved  laminae  filled  with  sediment 
and  later  cemented  by  low-Mg  calcite  (little  arrow),  x 34  4.  3,  close-up  of  layers  depicted  in  fig.  1 ; d,  'type- 
A'  growth-rings;  c,  contaminant,  x 34-4.  4,  detail  of  PI.  85,  fig.  8;  r,  radial  structure;  g,  growth-rings,  x 1720. 
5,  growth-rings  close  to  the  alveolus;  25  % glutardialdehyde,  5 hrs.,  pre-etched  with  5 % acetic  acid,  20  secs. ; 
note  that  this  structure  apparently  resembles  the  'palisade  and  septa’  construction  of  the  Sepia  cuttlebone, 
compare  text-fig  19;  r,  radial  structues;  d,  fabrics  modified  by  diagenesis  (‘type-A’).  x 1720.  6,  stem  region; 
25%  glutardialdehyde,  5 hrs.,  pre-etched  with  5%  acetic  acid,  20  secs.;  close-up  of  growth-rings,  x 3440. 

Figs.  7 and  8.  Belemnellocamax  mammillatus  mammillatus  (Nilsson),  Uppermost  Lower  Campanian,  Sweden.  7, 
dorsal  aspect  of  stem  section;  25  % glutardialdehyde,  1 1 hrs. ; notice  the  peripheral  diagenetic  zone  (d,  ‘type- 
A’);  fu,  fused  radial  structures.  x76.  8,  growth-rings  of  apical  region;  25%  glutardialdehyde.  11  hrs. 
x 3784. 
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text-fig.  12.  Treatment  with  25%  glutardialdehyde ; effect  of  reaction  time;  left,  incipient  stage;  right,  later 
stage;  only  layers  most  strongly  fixed  by  the  aldehyde  are  preserved  as  topographic  'highs’. 


text-fig.  13.  Schematic  figure  showing  incipient  attack  by  weak  acids;  a,  ‘organic-rich’  layers;  b,  also  contains 
organic  matter,  but  the  concentration  is  lower;  c,  abrupt  change  in  concentration  of  organic  components  fixed 

by  the  aldehyde. 

In  this  context,  it  is  worth  considering  that  if  low-Mg  calcite  was  stable  in  sea  water  during  the 
late  Jurassic  and  Cretaceous  (see  Wilkinson  1982;  Sandberg  1985),  a marine  cementation  of  the 
rostra  might  be  difficult  to  detect.  Such  a cement  would  not  be  expected  to  luminesce  (cf.  Veizer  1983, 
Table  3-3,  p.  3-14;  Machel  1985,  p.  142),  but  it  might  be  fluorescent  (cf.  Dravis  and  Yurewicz  1985, 
p.  800)  and  thus  may  not  differ  from  the  biogenic  calcite  of  the  rostrum. 

Original  mineralogy 

The  original  mineralogy  of  the  rostra  studied  is  thought  to  be  low-Mg  calcite,  and  the  supporting 
arguments  are  as  follows. 

(1)  All  of  the  specimens,  in  the  'non-luminescent  ’ parts  of  their  rostra  (partly  including  the  Type- 
C faint  reddish  rings),  have  an  orderly  structure  composed  of  radial  and  concentric  elements.  It 
is  hard  to  envisage  that  an  original  aragonitic  rostrum  would  consistently  preserve  this  fabric 
when  transformed  into  low-Mg  calcite  (Sandberg  1983).  The  rostra  could,  of  course,  have  been 
composed  of  high-Mg  calcite,  but  no  data  from  this  study  confirm  the  existence  of  present  or 
former  high-Mg  calcite  skeletal  parts.  In  particular: 

(A)  the  XRD-data  (text-fig.  6)  do  not  support  such  a mineralogy,  as  the  d-values  around  3 03 
indicate  low-Mg  calcite  (see  also  Chave  1952), 

(B)  no  microdolomite  has  been  observed  (see  also  Richter  and  Fiichtbauer  1978,  p.  844),  and 

(C)  although  Richter  and  Fiichtbauer  (1978)  claimed  that  ferroan  calcitic  fossils  with  preserved 
microfabrics  were  originally  composed  of  high-Mg  calcite,  the  specimens  studied  here  did 
not  stain  bluish  except  in  certain  clearly  cemented  zones  (see  above).  The  fact  that  high-Mg 
calcite  has  not  been  found  in  modern  cephalopods  (Bathurst  1975)  also  makes  it  difficult  to 
infer  such  a mineralogy  for  belemnite  rostra. 

(2)  The  majority  of  specimens  come  from  clay  sequences  (the  Gault  Clay  and  Oxford  Clay)  known 
to  contain  abundant,  well-preserved,  aragonitic  fossils  (see  Hall  and  Kennedy  1967,  pp. 
383-384).  It  is  thus  feasible  that  an  aragonitic  rostrum  would  have  easily  survived  under  these 
conditions.  The  additional  fact  that  aragonitic  phragmocones  are  found  in  the  same  sediments 
adds  further  support  to  the  interpretation  that  the  majority  of  belemnite  rostra  were  originally 
calcitic  (see  also  Sandberg  1983;  Brand  and  Morrison  1987). 
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In  this  context,  it  can  be  argued  that  the  aragonite  found  in  the  rostrum  cavum  of  a specimen  of 
N.  minimus  from  the  Gault  Clay,  Folkestone  (see  Spaeth  19716  and  1973),  does  not  necessarily 
indicate  that  all  belemnite  rostra  were  originally  composed  of  this  mineral.  Other  explanations  are 
possible  to  account  for  the  occasional  aragonite  rostra  reported  in  the  literature  (see  also  Barskov 
1970).  In  modern  Mollusca,  shell  regeneration  may  lead  to  changes  in  the  organic  matrix 
composition,  as  well  as  in  crystal  type  and  mineralogy  (Wilbur  1972,  p.  131)  and  shells  may 
originally  be  of  bimineral  composition  (Spaeth  1973,  p.  166).  Although  bimineral  shells  are  common 
in  the  phylum  Mollusca,  no  modern  squids  show  such  a phenomenon,  and  consequently  the  first 
explanation  is  more  likely  to  account  for  the  aragonite  in  the  rostral  parts  of  (at  least)  the  N. 
minimus  from  Folkestone. 

Diagenetic  history 

The  shell  matrix  of  modern  molluscs  is  both  inter-  and  intra-crystalline,  and  consists  mainly  of 
proteins  (Wilbur  1972;  Lutz  and  Rhoads  1980).  As  mentioned  earlier,  proteins  of  fossil  material  are 
easily  degraded,  and  in  a low-Mg  calcite  skeleton  this  can  be  expected  to  affect  the  intercrystalline 
material  first.  A degradation  of  intercrystalline  organic  material  in  belemnite  rostra  probably  started 
early  in  their  post-mortem  history  (see  Tan  and  Hudson  1974,  p.  108;  Bayer  1975,  p.  22),  and  might 
have  increased  the  original  porosity  or  created  porous  zones.  The  CL  patterns  (text-fig.  9)  show  that 
the  diagenesis  in  most  cases  proceeded  in  a laminar  fashion,  which  indicates  a differential  stability 
of  laminae.  In  the  alveolar  sections  and  ventral  layers  of  distinctly  asymmetrical  species  (especially 
where  furrows  are  developed  as  in  Cylindroteuthis  puzosiana  and  Aulacoteuthis  speetonensis ), 
growth-rings  are  relatively  thin  (see  text-figs  3a,  d;  PI.  84,  figs.  6 and  9;  PI.  85,  fig.  4;  see  also 
Swinnerton  1936,  p.  14).  A degradation  of  intercrystalline  organic  matter  in  such  cases  might  have 
increased  the  surface  area  and  thereby  eased  the  actions  of  diagenetic  fluids  (see  also  Stevens  and 
Clayton  1971,  p.  873;  Spaeth  et  al.  1971,  p.  3148).  There  might,  of  course,  also  have  been  originally 
porous  zones  not  totally  filled  with  organic  material  (see  PI.  87,  fig.  7).  The  fluorescence  of 
presumably  original  biogenic  material  indicates-,  however,  that  such  a porosity  was  probably  of 
minor  importance  (see  also  Bandel  et  al.  1984).  The  amount  of  diagenetic  change  in  these  sections 
might,  therefore,  partly  be  ascribed  to  variations  in  permeability  created  during  differential 
degradation  of  intercrystalline  organic  material. 

As  regards  the  relative  time  sequence  in  the  present  case,  the  patterns  of  laminescence  of  type-A 
and  -C  apparently  predate  the  ferroan  cement.  The  blue-stained  fractures  transect  growth-rings  of 
type-A  and  -C,  and  often  make  a contiguous  system  with  blue-stained,  cemented  laminae  (PI.  84, 
fig.  8;  text-fig.  4 e). 

Spaeth  et  al.  (1971,  p.  3148)  found  variation  in  e>180  and  613C  between  rostra  cava  and  rostra 
solida,  although  they  could  not  distinguish  whether  this  effect  was  due  to  metabolic  or  diagenetic 
processes.  In  the  context  of  the  present  study,  this  difference  can  be  understood  better  in  terms  of 
the  CL  patterns,  and  is  thus  ascribed  to  a diagenetic  effect  (Saelen  and  Karstang  1989). 

The  apical  line  has  been  claimed  by  several  authors  to  be  semipermeable,  allowing  solutions  to 
percolate  (Sturz-Kowing  1960,  p.  61 ; Stevens  and  Clayton  1971,  p.  834).  Bandel  et  al.  (1984,  p.  287) 
observed,  in  a study  on  well  preserved  Hiholithes  sp.,  that  the  apical  line  was  formed  by  a radial 
growth  of  calcite  prisms  which  they  claimed  had  been  connected  to  organic  fibres.  Spaeth  (1971u, 
p.  24)  ascribed  the  inferior  stability  of  the  apical  line  to  the  orientation  of  crystals  in  this  zone.  The 
frequently  observed  bright  reddish  luminescence  of  the  apical  line  might  therefore  be  ascribed  to  a 
change  in  size  and  morphology  of  radial  structures;  they  decrease  in  size  from  the  periphery  towards 
the  apical  line  area.  Moreover,  radial  structures  are  thin  and  nearly  parallel  in  the  alveolar  region, 
and  become  thicker  and  fan-like  in  the  apical  region  (text-fig.  14).  These  changes  in  morphology  and 
size  probably  eased  the  breakdown  of  intercrystalline  organic  material,  and  may  partially  explain 
the  increased  diagenetic  effects  in  this  region. 


790 


PALAEONTOLOGY,  VOLUME  32 


text-fig.  14.  Change  in  size  and  morphology  of  radial 
structures  along  a schematic  rostrum. 


Construction  of  belemnite  rostra 

Based  on  the  results  obtained  from  the  various  chemical  treatments  (Table  2)  and  examination  of 
thin  sections  under  CL  and  BLF,  the  following  model  for  the  construction  of  belemnite  rostra  (not 
including  the  primordial  rostrum)  is  proposed.  The  rostrum  is  made  up  of  composite  radial 
structures  which  accreted  periodically  to  give  a pattern  of  concentric  growth-rings  (text-fig.  15; 
PI.  87,  fig.  8).  This  pattern  is  recognized  under  BLF  as  more  or  less  fluorescent  growth-rings,  and 
indicates  that  radial  structures  consists  of  growth  increments  with  varying  amounts  of  organic  matter 
(text-figs.  15  and  16;  PI.  84,  fig.  2;  PI  87,  fig.  8;  text-figs.  4 and  5).  The  existence,  and  varied 
distribution,  of  organic  matter  are  further  indicated  by  TOC  analysis  and  treatment  with  hydrogen 
peroxide  and  glutardialdehyde. 

The  ‘split’  or  ‘indented’  radial  structures,  seen  particularly  well  in  thin  sections  under  crossed 


EXPLANATION  OF  PLATE  87 

Scanning-electron  micrographs.  Unless  otherwise  specified,  photos  are  of  cross-sections,  and  gun  voltage  is 

25  kV. 

Fig.  1 Belemnellocamax  mammillatus  mammillatus  (Nilsson),  Uppermost  Lower  Campanian.  Stem  section, 
ventral  side  proximal  to  apical  line  (Al);  notice  the  ‘diagenetic’  zone  (d,  ‘type-A’).  x 76. 

Figs.  2-5.  Cylindroteuthis  puzosiana  (d’Orbigny),  Callovian,  England.  2,  sector  no.  1 showing  orientated 
crystals ; 5 % acetic  acid,  30  mins,  x 378  4.  3,  sector  no.  2 showing  different  extinction  from  sector  no.  1 , and 
crystals  are  orientated  in  a different  direction ; 5 % acetic  acid,  30  mins,  x 378-4.  4,  stem  section ; gun  voltage, 
10  kV ; half  of  slab  treated  with  I % HC1  for  6 mins.,  other  side  protected  by  tape;  then  the  HCl-side  (HC1) 
was  protected  and  the  other  side  treated  with  25%  glutardialdehyde  (pH  ~ 4)  for  20  mins.  (Glu);  in  the  HC1- 
zone,  the  topographic  high  layers  (TH)  contain  the  most  organic  matter,  x 79.  5.  detail  of  fig.  4 showing  HC1 
and  mixed  zones  (Mi).  In  the  mixed  zone  the  glutaric  acid  component  can  be  seen  to  ‘work  best’  where  there 
is  an  abrupt  change  in  topography;  i.e.  change  in  content  of  organic  matter  (fat  arrows),  x 400. 

Figs.  6-8.  Neohibolites  minimus  (Miller),  Middle  Albian,  England.  6,  close-up  of  fractured  specimen;  no 
etching;  note  laminar  habit  of  fracture,  x 2190.  7,  perpendicular  view  of  surface;  no  etching;  notice  radial 
structures  (r)  are  easily  seen  even  in  unetched  specimens;  s,  inter-radial  porous  zones,  x 500.  8,  oblique  view 
of  surface  (su)  and  radial  structures  of  cross-section;  1 % HC1,  1 min.;  gun  voltage  20  kV;  note  that  radial 
structures  (r)  are  composed  of  smaller  units;  g,  growth-rings,  x 200. 
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Concentric  variation 


text-fig.  15.  Laminated  radial  structures;  a,  radial  text-fig.  16.  Schematic  figure  showing  proposed 
structure  composed  of  smaller  units;  b,  a bundle  of  construction  of  the  belemnite  rostrum, 

radial  structures. 

nicols,  can  be  ascribed  to  an  irregular  shape  and  stacking  or  radial  structures  (see  text-fig.  17;  PI. 
84,  fig.  2;  PI.  87,  fig.  8).  This  interpretation  is  supported  by  examinations  under  SEM  (text-fig.  18 
and  PI.  87,  figs.  2 and  3).  Most  authors  so  far  have  proposed  a diagenetic  explanation  for  these 
structures  (e.g.  Muller-Stoll  1936,  p.  177;  Barskov  1970;  Spaeth  1971a,  p.  22).  However,  Recent 
Mollusca  frequently  show  a similar  image  with  bundles  of  radiating  and  indented  crystals 
‘transected’  by  growth  lines  (Wilbur  1972,  p.  125,  and  Gregoire  1972,  pp.  47-51).  It  is  thus  feasible 
that  this  may  be  an  original  feature  of  belemnite  rostra  as  well. 

The  original  porosity  of  the  rostra  is  as  yet  unknown.  The  data  presented  in  this  study  do  not 
indicate  a high  porosity,  but  in  periods  when  low-Mg  calcite  was  a stable  mineral  phase  in  sea  water 
(Wilkinson  1982),  an  early  marine  cementation  would  make  the  original  porosity  difficult  to 
recognize. 

Comparison  with  Sepia  sp. 

Some  authors  (Spaeth  1971a,  p.  35,  1973,  p.  168 ; Spaeth  et  al.  1971,  p.  3148,  see  also  Barskov  1972, 
p.  497)  have  pointed  out  the  resemblance  between  the  internal  structure  of  the  porous  Sepia 
cuttlebone  and  that  of  the  rostral  fabrics  of  belemnites  (see  PI.  86,  fig.  5).  As  can  be  seen  from  SEM 
micrographs.  Sepia  cuttlebones  consist  of  septa  connected  by  transverse  ‘palisades’  made  up  of 
smaller  units.  The  palisades  are,  again,  made  up  of  laminar  elements  (text-fig.  19).  As  already 
pointed  out,  a laminar  construction  of  radial  structures  is  also  characteristic  of  belemnite  rostra  (PI. 
87,  figs.  6 and  8).  This  apparent  resemblance  in  morphology,  however,  does  not  necessarily  indicate 
a close  genetic  similarity  between  Sepia  and  belemnites  (Spaeth  1975,  p.  329);  the  chambered 
cuttlebone  permits  buoyancy  regulation  through  liquid  and  gas  adjustments  (Denton  and  Gilpin- 
Brown  1961 ; Denton  1974),  whereas  belemnites  most  probably  made  these  adjustments  through  a 
homologous  feature  - the  phragmocone  (Stevens  1965;  Spaeth  1975).  Nevertheless,  some  authors 
(Veizer  1974;  Spaeth  1975)  have  postulated  an  original  porosity  of  10-20%  for  belemnite  rostra, 
which  does  not  preclude  the  possibility  that  it  was  involved  in  buoyancy  regulation  in  a similar  way 
to  the  cuttlebone  (Spaeth  1975,  p.  329).  However,  in  contrast  to  Sepia  sp.,  the  porosity  of  specimens 
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text-fig.  17  a,  section  through  a bundle  of  radial  structures;  there  is  a slightly  different  crystal  orientation  in 
1,  2 compared  to  3,  4 and  5;  b , thin-section  through  the  plane  shown  in  a. 


text-fig.  18.  Delimitation  of  two  sectors  by  means  of 
a silver  colloidal  paint  to  make  them  visible  under 
SEM.  Etching  of  these  two  sectors  revealed  crystals  of 
different  orientation  (see  also  PI.  87,  figs.  2 and  3). 


Delimitation  of  two  sectors 
by  means  of  a silver  colloidal  paint 
to  make  them  visible  under  the'SEM 


text-fig.  19.  Sepia  sp..  Recent,  Atherfield  Point,  Isle  of  Wight,  Grid.  ref.  SZ  452790;  no  etching;  a,  palisades 
(P)  and  septa  (arrows)  of  cuttlebone,  x34-4;  b,  close-up  of  palisade  and  septum  in  (a),  notice  composite 
structure  (arrows)  of  each  radial  element  (i.e.  palisade),  and  their  laminar  construction  (g).  x 688. 
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in  the  present  study  was  probably  too  low  to  have  maintained  such  a mechanism  (the  maximum 
distance  between  radial  structures  for  one  N.  minimus  examined  was  1 /rm,  whereas  the  distance 
between  palisades  in  a cuttlebone  is  around  100  //m).  A factor  that  complicates  such  a comparison 
is  the  partial  modification  of  belemnite  rostra.  It  would,  however,  seem  odd  that  two 
morphologically  different  parts  of  the  shell  (the  phragmocone  and  the  rostrum)  should  regulate 
buoyancy  through  the  same  mechanism.  A buoyancy-regulating  function  might  nevertheless  be 
expected  for  the  rostrum,  but  merely  as  a counterweight  (Stevens  1965,  p.  49;  Denton  1974,  p.  292). 


CONCLUSIONS 

1.  The  experiments  with  etching,  oxidizing  and  fixing  agents  on  cross-sections  of  belemnite  rostra  revealed, 
under  SEM,  a common  basic  morphology  of  presumably  original  laminae  in  all  species. 

2.  The  original  mineralogy  was  low-Mg  calcite,  and  the  present  data  indicate  that  the  principal  diagenetic 
changes  involved. 

A.  Dissolution  of  intercrystalline  organic  material  and  precipitation  of  early  cement  (possibly  high-Mg 
calcite,  later  transformed  into  low-Mg  calcite),  and  with  subsequent  recrystallization  of  the  carbonate 
portion  of  organic-rich  laminae;  these  are  bright  luminescent  and  fluorescent  (‘type-A’),  and 
recognizable  under  SEM. 

B.  Partial  recrystallization,  revealed  by  the  faintly  reddish  CL-pattern  (‘type-C’).  One  cannot,  however, 
exclude  the  possibility  that  rims  of  syntaxial  cement  are  present,  nor  that  diagenesis  is  partly  expressed 
as  a differential  change  in  elemental  composition. 

C.  Fracturing  of  the  rostrum  with  precipitation  of  ferroan  cement  in  fractures  and  dissolved  laminae  (‘  type- 
B’  luminescence). 

Diagenesis  did  not  affect  the  rostra  studied  in  such  a way  as  to  destroy  the  specific  laminar  morphology  beyond 
recognition,  and  the  present  data  indicate  further  that  the  rostrum  was  rather  impervious. 

3.  SEM,  CL  and  BLF  data,  make  the  author  conclude  that  the  interpretation  proposed  by  Miiller-Stoll 
(1936,  p.  176),  of  a rostrum  composed  of  alternating  discrete  ‘organic’  and  ‘inorganic’  layers,  is  invalid.  The 
original  rostrum  more  probably  consisted  of  radial  structures  that  accreted  periodically  in  a concentric  fashion. 
The  concentric  ‘non-diagenetic’  pattern  observed  is  thus  due  to  a laminar  variation  in  the  organic  content, 
which  was  probably  both  inter-  and  intra-crystalline.  The  variation  in  organic  content  is  often  subtle,  so  that 
growth-layers  may  be  difficult  to  define. 
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CARDIOCERATiD  AND  KOSMOCERATID 
AMMONITES  FROM  THE  CALLOVI AN  OF 

YORKSHIRE 

by  J.  H.  CALLOMON  and  J.  K.  WRIGHT 


Abstract.  New  stratigraphic  evidence  and  systematic  revision,  including  the  designation  of  types  where 
necessary,  establish  unambiguously  the  definitions  and  precise  ages  of  a number  of  classical  species  of 
ammonites  which,  although  in  part  rare  in  this  country,  are  of  great  importance  in  understanding  the  evolution 
of  the  Boreal  and  Sub-boreal  families  Cardioceratidae  and  Kosmoceratidae.  They  include  Pseudocadoceras 
boreale  Buckman,  1918,  Chamoussetia  funifera  (Phillips,  1829),  Chamoussetia  phillipsi  = nom.  nov.  pro 
Ammonites  lenticularis  Phillips,  1829,  non  Young  and  Bird  1828,  Longaeviceras  placenta  (Leckenby,  1859), 
Quenstedtoceras  flexicostatum  (Phillips,  1829)  and  Kosmoceras  rowlstonense  (Young  and  Bird,  1822).  Five  new 
specific  names  are  introduced:  Chamoussetia  phillipsi  nom.  nov.,  C.  buckmani  and  C.  saratovensis  spp.  nov., 
Pseudocadoceras  grewingki  whithami  subsp.  nov.,  and  Longaeviceras  polonicum  sp.  nov. 


As  with  other  parts  of  the  Jurassic,  Yorkshire  is  the  home  of  a number  of  classical  species  of 
Callovian  ammonites  published  in  the  early  works  of  Young  and  Bird  ( 1822,  1828),  Phillips  (1829), 
and  Leckenby  (1859).  Their  names  have  become  deeply  entrenched  in  the  literature,  but  not  without 
some  confusion.  This  had  commonly  two  causes:  the  poverty  of  the  original  illustrations  with,  in 
many  cases,  the  subsequent  loss  of  the  type  material;  and  the  lack  of  precise  stratigraphical 
information  on  the  exact  places  and  levels  from  which  the  type  material  came.  Attempts  were  made 
to  remedy  these  deficiencies  by  Buckman  (1909-30,  1913),  who  refigured  as  many  types  as  he  could 
find  and  identified  as  far  as  possible  their  horizons;  and  Howarth  (1962),  who  gave  a complete  list 
of  the  names  of  Young  and  Bird’s  and  Phillips’  species  with  a summary  in  each  case  of  what  was 
known  about  the  types.  (The  species  of  Martin  Simpson  (1843)  were  also  included  in  Howarth’s 
lists,  but  as  almost  all  came  from  the  Lias  they  need  not  be  considered  further  here.)  While  these 
works  served  positively  to  identify  the  type-specimens,  the  uncertainties  attaching  in  many  cases  to 
horizons  could  not  be  removed  without  further  stratigraphical  fieldwork. 

The  first  modern  attempt  to  classify  the  Callovian  rocks  of  Yorkshire  was  made  by  Buckman 
(1913),  who,  however,  restricted  his  efforts  largely  to  a study  of  the  matrices  of  museum  specimens 
and  attempts  to  relate  them  to  the  earlier  descriptions  of  the  coastal  sections,  notably  that  by 
Leckenby.  Subsequent  study  of  the  faunas  in  the  museums,  by  Spath  (1933)  and  Arkell  (1939),  made 
it  possible  to  work  out  many  of  the  details  of  the  zonal  succession  present  with  the  aid  of  those 
species  also  known  from  elsewhere,  but  there  remained  a handful  which  could  still  not  be  placed. 
They  are  mainly  Boreal  forms  which  have  assumed  a new  importance  in  relation  to  the  more  general 
exploration  in  recent  years  of  the  circum-Arctic  Jurassic.  An  extensive  revision  of  the  Callovian 
stratigraphy  of  NE  Yorkshire  by  one  of  us  (Wright  1968,  1977,  1978)  has  provided  new  evidence, 
and  the  purpose  of  these  notes  is  to  clarify  the  systematic  and  stratigraphic  positions  of  some  of 
these  species,  belonging  to  the  genera  Pseudocadoceras , Chamoussetia , Longaeviceras, 
Quenstedtoceras  and  Kosmoceras. 


IPalaeontology,  Vol.  32,  Part  4,  1989,  pp.  799-836,  pis.  88-96.| 


© The  Palaeontological  Association 


800 


PALAEONTOLOGY,  VOLUME  32 


STRATIGRAPHY 

The  area  which  has  produced  by  far  the  most  Callovian  ammonites  in  Yorkshire  is  that  around 
Scarborough,  including  the  famous  coastal  sections  and  a few  quarries  inland,  notably  those  near 
Hackness.  The  succession  was  established  by  Wright  (1968)  and  is  summarized  in  text-fig.  1,  which 
includes  also  the  standard  succession  in  southern  England  between  Cirencester  in  Gloucestershire 
and  Dorset  for  comparison.  In  Yorkshire  much  of  the  confusion  in  the  past  arose  from  the  failure 
to  recognize  that  what  appeared  to  be  a monotonous  succession  of  sandstones  and  chamositic 
oolites  - the  Kelloway  Rock  of  early  authors,  now  the  Osgodby  Formation  (Wright  1978) -was 
divisible  into  several  units,  shown  by  their  fossils  to  be  separated  by  major  non-sequences.  Careful 
collecting  in  recent  years  indicates  that  the  ammonites  in  museum  collections  came  predominantly 
from  three  levels. 

a.  Calloviense  Zone,  Koenigi  Subzone:  widespread  fossiliferous  chamositic  oolite  sandwiched 
between  rather  barren  sandstones  in  the  Kellaways  Rock,  labelled  /?.,  by  Wright  (1968,  p.  372)  and 
particularly  well  exposed  in  Cayton  Bay. 

b Athleta  Zone,  Proniae  Subzone:  the  lower  part  of  the  Hackness  Rock  from  which  came  most 
of  the  material  in  the  classical  collections  labelled  ‘Scarborough’.  It  is  particularly  fossiliferous  at 
Castle  Hill,  Scarborough,  and  at  Hackness.  Re-excavation  of  the  old  quarry  there  (Wright  1968,  p. 
391)  has  now  yielded  over  130  ammonites. 

c.  Hackness  Rock,  Lamberti  Zone  and  Subzone:  the  top  part  of  the  Hackness  Rock  with  a quite 
distinct  fauna.  Locally  the  matrix  is  also  distinct  so  that  material  from  Gristhorpe  Cliffs,  for 
instance,  may  be  recognized  easily  by  the  white  calcareous  rock,  the  large  scattered  ooliths,  and  the 
black  calcitic  tests  of  the  fossil  shells. 

In  Wiltshire  and  Dorset  the  succession  which  was  pieced  together  largely  from  older  descriptions 
and  museum  collections  (Callomon  1955)  has  been  confirmed  and  greatly  amplified  by  new, 
temporary  exposures  and  borings  around  Fairford  and  Cirencester  in  Gloucestershire,  and 
Chippenham  in  Wiltshire,  and  in  a road-cutting  for  a by-pass  at  Wincanton  in  Somerset.  The 
borings  were  described  by  Cave  and  Cox  (1975).  The  faunas  of  the  Koenigi  and  Calloviense 
subzones  can  now  be  assigned  to  a succession  of  eight  distinct  faunal  horizons  (Page,  1988),  labelled 
VIII-XV.  Full  descriptions  will  be  given  elsewhere,  but  a summary  has  been  published  (Callomon, 
Dietl  and  Page  1989). 

(XVI-XVIII.  Sigaloceras  enodatum  (Nikitin):  Enodatum  Subzone) 

XV  Sigaloceras  micans  Buckman : Cadoceras  sublaeve  var.  rugosa  Spath,  Proplamdites  petrosas 
Buckman 

XIV  Sigaloceras  calloviense  (Sowerby);  Cadoceras  sublaeve  (Sowerby),  Proplamdites  crassicosta 
Buckman 

XIII  Kepplerites  galilaeii  (Oppel);  Cadoceras  tchefkini  Spath  non  Nikitin 

XII  Kepplerites  trichophorus  (Buckman) 

XI  Cadoceras  tolype  Buckman;  Proplamdites  ferruginosus  Buckman 

X Kepplerites  curtilobus  (Buckman) 

IX  Kepplerites  gowerianus  (Sowerby);  Cadoceras  sp.  B , Proplamdites  koenigi  (Sowerby)  fi 

VIII  Kepplerites  metorchus  (Buckman);  Cadoceras  sp.  A , Proplamdites  koenigi  oc  (s.s.), 
P.  laevigatus  Buckman,  Macrocephalites  lophopleurus  (Buckman) 

(I— VII  Macrocephalites  spp.;  Macrocephalus  Zone) 

Even  these  do  not  represent  anything  close  to  a continuous  succession,  and  there  remain  many  gaps 
to  be  filled. 

The  fauna  of  the  unit  /?.,  in  the  Kellaways  Rock  of  the  Yorkshire  coast  characterizes  a faunal 
horizon  that  probably  falls  into  one  of  these  gaps.  It  includes  the  following  forms: 

Kepplerites  ( Gowericeras ) indigestus  (Buckman,  1922)  [M]  (pi.  309) 

K.  ( Toricellites ) cf.  lahuseni  Parona  and  Bonarelli,  1895  [m],  (p.  138)  (type  Kosmoceras 
gowerianum  (Sowerby) : Lahusen  1883,  pi.  4,  fig.  8)  (?  synonym  Kepplerites  distans  Tintant,  1963, 

p.  182) 
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text-fig.  1.  Summary  of  the  Callovian  stratigraphy  of  north-east  Yorkshire  and  southern  England.  (I) 
Transitional  beds  with  Quenstedtoceras  paucicostatum  Lange.  (2)  Kellaways  Rock  extends  upwards  to  include 
the  Enodatum  Subzone  at  its  type-locality  at  South  Cave,  Humberside.  The  Scalby  Beds  are  non-marine;  their 

age  is  not  closely  determinable. 
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Cadoceras  cf.  tolype  Buckman,  1923  [M]  (pi.  406) 

C.  ( Pseudocadoceras ) boreale  Buckman,  1918  [m]  (described  below). 

Proplanulites  ferruginosus  Buckman,  1921  [M]  (p.  34;  type  figured  by  Clark  1982,  pi.  2,  fig.  8) 
P.  rufus  Buckman,  1921  [m]  (p.  39;  Clark  1982,  pi.  2,  fig.  3) 

Chamoussetia  phillipsi  nom.  nov.  (described  below). 

The  affinities  of  this  assemblage  are  closest  with  that  of  fauna  XI,  although  whether  slightly  older 
or  younger  cannot  at  present  be  determined.  The  style  of  ribbing  in  the  Kepplerites  from  this  horizon 
has  already  some  resemblance  to  that  in  Sigaloceras , but  no  true  representatives  of  this  genus  have 
ever  been  found  in  NE  Yorkshire.  This  horizon  may  be  referred  to  as  the  Kepplerites 
indigestus / lahuseni  horizon. 

The  lower  part  of  the  Hackness  Rock  contains  more  than  one  fossil  horizon,  for  it  has  yielded 
ammonites  not  found  together  in  southern  England.  These  include: 

Peltoceras  athleta  (Phillips,  1829) 

Kosmoceras  gemmatum  (Phillips,  1829) 

Kosmoceras  duncani  (J.  Sowerby,  1817) 

Kosmoceras  proniae  Teisseyre,  1884 
Kosmoceras  rowlstonense  (Young  and  Bird,  1822) 

Kosmoceras  spinosum  (J.  de  C.  Sowerby,  1826) 

Kosmoceras  rimosum  (Quenstedt,  1887) 

The  true  P.  athleta , in  which  the  variocostate  modification  of  the  ribbing  is  extreme  and 
substantially  complete  already  at  diameters  of  30  mm  (see  neotype,  figured  by  Spath  1931,  pi.  106, 
fig.  3,  pi.  107,  fig.  5,  designated  and  refigured  by  Arkell  1933,  p.  610,  pi.  37,  fig.  6;  and  topotype 
figured  by  Spath  1931,  pi.  106,  fig.  6a,  b),  is  virtually  unknown  in  the  abundant  collections  of 
pyritized  material  from  southern  England.  These  are  dominated  by  forms  usually  called  P.  trifidum 
(Quenstedt)  (see  e.g.  Prieser  1937,  pi.  2,  figs,  la,  b).  P.  athleta  occurs  in  western  France  in  Horizon 
XV,  Trezeense  Subzone  of  the  Athleta  Zone  in  the  standard  Submediterranean  zonation  (Cariou 
1985,  p.  317).  It  is  associated  there  with  numerous  Pseudopeltoceras  and  Binatisphinctes.  These  are 
similarly  abundant  in  the  collections  from  the  Hackness  Rock  of  Scarborough  (Cox  1988),  but 
whether  they  occurred  together  with  P.  athleta  there  is  not  known.  In  contrast,  these  forms  are  rare 
or  absent  in  the  proniae- trifidum  fauna  of  southern  England.  It  seems  probable  that  the  Yorkshire 
horizon  of  P.  athleta  is  a little  older. 

Kosmoceras  gemmatum  (neotype  designated  and  figured  by  Arkell  1939,  p.  189,  fig.  4)  appears  to 
have  been  described  so  far  only  from  Yorkshire  where,  to  judge  from  the  collections,  it  was 
relatively  common.  Its  precise  horizon  remains  uncertain,  although  the  forms  most  closely 
resembling  it  found  in  southern  England  occur  there  in  the  lowest,  Phaeinum  Subzone  of  the 
Athleta  Zone. 

Kosmoceras  duncani  was  for  a long  time  one  of  the  most  widely  cited  but  misidentified  species  of 
the  Oxford  Clay.  Its  interpretation  was  stabilized  through  the  designation  of  a neotype  by  Arkell 
(1939,  p.  192,  pi.  11,  figs.  6a-c,  from  St  Neots,  Cambridgeshire).  It  is  easily  recognized  by  the 
unusual  development  of  its  secondary  ribbing,  which  reunites  in  bundles  of  up  to  five  ribs  into 
ventrolateral  clavi  at  the  external  margin  of  the  shell.  Specimens  from  Scarborough  matching  the 
neotype  almost  exactly  are  in  the  Phillips  collection  in  Oxford.  In  Oxfordshire  and  Buckinghamshire, 
the  species  occurs  at  a narrow  level  just  below  the  main  horizon  yielding  Peltoceras  trifidum  and 
Kosmoceras  proniae , the  index  of  the  middle,  Proniae  Subzone  of  the  Athleta  Zone.  The  other 
species  of  Kosmoceras  listed  above  have  rather  longer  ranges  but,  in  the  Oxford  Clay  of  southern 
England,  the  main  occurrences  of  K.  spinosum,  rimosum  and  rowlstonense  lie  higher  than  those  of 
K.  proniae.  They  are  discussed  further  below. 

We  have  therefore  shown  in  text-fig.  1 the  Hackness  Rock  of  the  Athleta  Zone  as  spanning  two 
broad  horizons : an  earlier  horizon  containing  K.  gemmatum,  K.  proniae,  K.  duncani  and  P.  athleta, 
and  a later  one  dominated  by  K.  rowlstonense  with  K.  rimosum  and  K.  spinosum.  It  is  however  not 
possible  at  present  to  separate  the  two  horizons  in  the  field.  It  seems  that  reworking  under  very 
gentle  conditions  has  condensed  the  two  ammonite  faunas  into  one  thin  bed  of  chamosite  oolite. 
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Phosphatic  ammonite  fragments,  sometimes  crushed  and  abraided,  are  common  in  the  Athleta 
Zone  at  Hackness  and  on  the  Scarborough  coast. 

The  upper  part  of  the  Hackness  Rock  on  the  Yorkshire  coast  seems  to  lie  wholly  within  the  upper, 
Lamberti  Subzone  of  the  Lamberti  Zone.  Kosmoceras  has  become  much  less  common  than  in  the 
beds  below,  amounting  to  only  10%  of  the  ammonite  fauna.  It  is  represented  by  K.  compression 
(Quenstedt),  K.  cf.  rowlstonense  and  K.  cf.  spinosum  all  sensu  Arkell  (1939),  in  about  equal 
proportions.  The  Henrici  Subzone  of  the  Lamberti  Zone  and  the  Spinosum  Subzone  of  the  Athleta 
Zone  below,  in  which  the  characteristic  spinose  Kosmoceras  dominate,  appear  to  be  wholly  missing 
(text-fig.  1).  The  remainder  of  the  fauna  of  the  upper  Hackness  Rock  of  Yorkshire  is  as  diverse  as 
that  of  the  English  Midlands,  as  described  by  Arkell  at  Woodham  (1939),  and  typical  of  the 
Lamberti  Subzone.  The  Cardioceratidae  dominate  and  among  these  one  species  from  Yorkshire 
whose  interpretation  has  been  uncertain  is  now  redescribed  : Quenstedtoceras  flexicostatum  (Phillips, 
1829).  It  is  the  microconch  of  Quenstedtoceras  lamberti  (J.  Sowerby,  1817). 

SYSTEMATIC  DESCRIPTIONS 

Abbreviations.  Numbers  refer  to  specimens  in  the  following  collections:  BM  British  Museum  (Natural  History), 
London.  BGS  British  Geological  Survey,  Keyworth.  OUM  Oxford  University  Museum.  SM  Sedgwick 
Museum,  Cambridge.  WM  Woodend  Museum,  Scarborough.  JKW  J.  K.  Wright  collection.  JHC  J.  H. 
Callonom  collection.  PFR  P.  F.  Rawson  collection.  [M],  [m]  designate  macro-  and  microconch  dimorphs 
respectively;  asterisks  (*)  against  items  in  synonymies  or  references  to  figures  indicate  type  specimens. 


Family  cardioceratidae  Siemiradzki,  1891 

The  evolution  of  the  Cardioceratidae  was  recently  reviewed  in  some  detail  (Calloman  1985).  Besides 
the  main  lineage,  leading  from  Pacific  Bajocian  Sphaeroceras  via  Bathonian  Arctocephalites , 
Callovian  Cadoceras , Oxfordian  Cardioceras  to  Kimmeridgian  Amoeboceras , there  are  a number  of 
lesser  branches  that  are  still  not  so  well  understood.  They  include  three  Callovian  nominal  genera 
- Chamoussetia , Pseudocadoceras  and  Longaeviceras  - that  include  forms  which  are  in  part 
homoeomorphic  among  themselves  and  which  already  mimic  morphological  features  that  became 
dominant  only  much  later,  in  Cardioceras  itself.  The  new  collections  from  Yorkshire  remove  many 
previous  uncertainties,  mainly  of  precise  ages. 

Subfamily  arctocephalitinae  Meledina,  1968 
Genus  chamoussetia  Douville,  1911 

Type  species.  Ammonites  chamousseti  d’Orbigny,  1847 


Chamoussetia  phillipsi  nom.  nov. 


Plate  88,  figs.  1-3,  plate  89,  figs.  1-5;  text-fig.  2 a 


*1829 

71875 
1885 
71914 
1962 
non  1828 


non  *1847 


non  1887 


Ammonites  lenticularis  Phillips  (non  Young  and  Bird,  1828);  p.  131,  142,  164,  pi.  6,  fig.  25 
(refigured  unchanged  in  later  editions  of  1836  and  1875). 

Ammonites  stuckenbergi  Lahusen;  in  Stuckenberg,  p.  115,  pi.  5,  figs.  1-3. 

Cardioceras  chamousseti  (d’Orbigny);  Nikitin,  p.  20,  pi.  1,  figs.  1—4. 

Phlycticeras  hyperbolicum  (Simpson  MS  - Leckenby);  Buckman,  pi.  98a,  b and  text. 
Chamoussetia  lenticularis  (Phillips,  non  Young  and  Bird):  Howarth,  p.  125. 

Ammonites  lenticularis  Young  and  Bird,  p.  269  (holotype  figured  by  Buckman,  1910,  pi.  20:  an 
Amauroceras  from  the  Middle  Lias). 

Ammonites  chamusseti  d’Orbigny,  p.  437,  pi.  155,  figs.  1 , 2 (recte  chamousseti  (art.  31(a),  32(c)(d); 
cf.  Parona  and  Bonarelli  1895,  and  Douville  1912)  (type  species  of  Chamoussetia). 

Ammonites  chamousseti  d’Orbigny;  Quenstedt,  p.  806,  pi.  90,  figs.  18,  18p  (previously  figured  in 
1857)  (=  Chamoussetia  sp.  aff.  buckmanil ) 
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? 1912  Chamoussetia  chamousseti  (d’Orbigny);  Douville,  p.  19,  pi.  3(11),  figs.  12,  12a  (nucleus  of  C. 
buckmani!) 

non  1924  Chamoussetia  lenticularis  (Phillips);  Buckman,  pi.  462  (=  C.  buckmani  sp.  nov.,  holotype, 
refigured  here  on  pi.  90) 

non  1932  Chamoussetia  chamousseti  (d’Orbigny);  Corroy,  p.  1 15,  pi.  11,  figs.  3,  4 (=  C.  buckmani) 


text-fig.  2.  Original  figures  of  Yorkshire  species,  a.  Ammonites  lenticularis  Phillips  (1829,  pi.  6,  fig.  25,  drawn 
‘ x I’,  here  re-enlarged  x 2 to  natural  size)  ( = Chamoussetia  phillipsi  nom.  nov.  b.  Ammonites  funiferus  Phillips 
(1829,  pi.  6,  fig.  23,  also  drawn  ‘ x|’  and  re-enlarged  here  to  natural  size)  (=  Chamoussetia  funifera).  c. 
Ammonites  fiexicostatus  Phillips  (1829,  pi.  6,  fig.  20,  x 1)  (=  Quenstedtoceras  flexicostatum).  d.  Ammonites 
rowlstonensis  Young  and  Bird  (1822,  pi.  13,  fig.  13,  x 1)  ( = Kosmoceras  rowlstonense). 

Nomenclature  and  neotvpe.  Phillips’  species  was  published  in  1829  without  formal  description  so 
that  his  intentions  must  be  deduced  from  his  single  figure  (here  reproduced  as  text-figure  2a)  and 
scattered  references  in  the  text.  The  figure,  legend  and  text  on  p.  142  refer  unambiguously  to  a 
Chamoussetia  from  the  Kelloway  Rock,  i.e.  Osgodby  Formation,  and  the  species  is  claimed  to  be 
new.  On  p.  164  it  is,  however,  also  cited  as  from  ‘ironstone’  in  the  Lias  without  any  reference  to 


EXPLANATION  OF  PLATE  88 

Figs.  1-3.  Chamoussetia  phillipsi  nom.  nov.  I a,  b , neotype,  [M],  adult  with  half  a whorl  of  bodychamber,  BM 
39516,  Bean  coll.,  Scarborough;  2a,  b , [M],  mostly  bodychamber,  SM  J47427,  Kellaways  Rock,  Cayton 
Bay;  3,  [m],  with  a quarter  whorl  of  bodychamber,  JKW  DC20,  ibid.  - All  Calloviense  Zone,  Koenigi 
Subzone,  lahuseni  horizon. 

A cross  marks  the  position  of  the  last  septum  at  the  end  of  the  phragmocone. 


PLATE  88 
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table  1.  Dimensions  of  Chamoussetia  phillipsi  nom.  nov. 


(a) 

D(max) 

mm 

(b) 

D(phrag) 

mm 

(c) 

Bodych. 

whorl 

(d) 

D:  B/D 

(e) 

D(sec  — r) 
mm 

(0 

SM  J3267 

78 

Macroconchs 
(?)  (?) 

70: 1 05 

<50 

no  sutures 

(Buckman  pi.  98) 
SM  .112206 

160 

120 

0-50 

120:  0-79 

< 100 

visible 
us,  some  p 

(Arkell  1948,  398) 

SM  J 12205 

90 

75 

(0-65) 

85:  0-79 

70 

(PI.  89,  fig.  1 ) 

SM  J47428 

(90) 

75 

0-60  + 

75:  0-68 

75 

SM  .112201 

1 10 

(?) 

(?) 

95:  0-60 

<75 

no  sutures 

SM  J 12203 

85 

(?) 

(?) 

80:  0-60 

<60 

visible 
no  sutures 

SM  J47427 

(95) 

(70) 

0-75 

85:  0-57 

>90 

visible 

luvenile? 

(PI.  88,  fig.  2) 

SM  .112204 

105 

80 

0-50  + 

90:  0-52 

100 

SM  J 12202 

90 

90 

0 

80:  0-41 

90 

BM  39516 

115 

85 

0-60 

85:  0-40 

<65 

us,  some  p? 

(neotype,  PI.  88,  fig.  1) 

BM  C.  13045 

140 

100 

0-75 

100:  0-67 

< 100 

('Cirencester') 

SM  .112180 

59 

Microconchs 
47  0-60 

47:  0-48 

45 

as 

(PI.  89,  fig.  2) 

SM  J 1 2 1 82 

41 

31 

0-60 

37:  0-40 

30 

(PI.  89,  fig.  5) 

JKW  DC20 

41 

37 

(0-30  + ) 

40:  (0-40) 

30 

(PI.  88,  fig.  3) 

PFR  M748 

49 

(35) 

0-60 

40:  0-37 

40 

(PI.  89,  fig.  4) 

JKW  BC16 

(60) 

(40) 

0-60 

48 : 0-36 

<40 

us,  as,  p 

(PI.  89,  fig.  3) 

Holotype 

Chamoussetia  chamousseti  (d’Orbigny)  [M] 

95  77  0-3+  90:0-52 

95 

us,  as 

(text-fig.  3) 

(a)  Maximum  diameter  of  the  preserved  shell. 

(b)  Diameter  at  the  last  septum  of  the  phragmocone. 

(c)  Body-chamber  preserved,  as  fraction  of  a whorl,  estimated  to  nearest  0 05,  or  former  extent  as  indicated 
by  traces  of  the  umbilical  suture. 

(d)  Whorl-breadth  (thickness)  as  a fraction  of  the  diameter  at  the  value  of  the  diameter  quoted,  usually  taken 
near  the  end  of  the  phragmocone  before  the  onset  of  the  strongly  modified  part  of  the  adult  body-chamber. 

(e)  Diameter  at  which  the  seconary  ribbing  has  totally  faded  (macroconchs)  or  has  been  reduced  to  vestigial 
crenulations  (microconchs).  ‘ < ’ indicates  values  less  than  the  diameter  at  which  the  venter  first  becomes 
visible;  ‘ > ’,  greater  than  the  maximum  diameter  of  the  preserved  shell. 

(f)  Diagnoses  of  maturity  or  otherwise;  us,  uncoiling  of  the  umbilical  seam;  as,  approximation  and 
simplification  of  the  last  septal  sutures;  p,  peristome  preserved. 

Figures  in  brackets:  estimates  where  shells  are  crushed  or  broken.  All  specimens  from  the  Scarborough  area, 
except  where  indicated. 
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Young  and  Bird,  although  elsewhere  on  this  page  other  species  are  explicitly  ascribed  to  them.  It 
seems  therefore  that  Phillips  was  unaware  of  Young  and  Bird's  previous  publication  of  the  name 
lenticularis  of  which  Phillips’  is  a junior  homonym.  Whether  Phillips’  species  has  subjective  junior 
synonyms  whose  names  could  serve  instead  is  a separate  question  discussed  below.  To  allay 
confusion  the  species  is  however  first  validly  renamed. 

There  is  no  indication  of  the  extent  of  the  type-series,  which  remains  unchanged  for  the  renamed 
species.  No  members  survive  in  Phillips’  collection  in  which  the  figured  specimen  was  still  said  to 
be  in  1875,  and  the  specimen  on  PI.  88,  fig.  1 (BM  39516),  a macroconch  topotype  in  the  Bean 
collection  from  Scarborough,  is  put  forward  as  neotype  of  the  renamed  species. 

Description.  Like  other  Cardioceratidae,  the  genus  is  strongly  if  inconspicuously  dimorphic.  Some  dimensions 
are  given  in  Table  I.  The  same  specific  name  is  here  used  for  the  whole  of  a considerable  range  of  morphologies 
covered  by  the  specimens  of  both  dimorphs  thought  to  come  from  precisely  the  same  horizon,  i.e.  treated  as 
a single  biospecies.  The  final  diameters  of  adult  shells  seem  to  lie  around  100-150  mm  (M)  and  50  mm  (m),  with 
the  adult  bodychamber  occupying  about  0-65  of  a whorl.  The  whorl  section  is  markedly  lanceolate  (PI.  88,  fig. 
1 b)  in  the  more  compressed  macroconchs,  less  so  in  the  microconchs,  but  the  most  remarkable  feature  is  the 
enormous  range  of  whorl-thicknesses,  varying  from  40%  to  over  100%  of  the  whorl-diameters  in  the 
macroconchs  while  fairly  constant  around  only  40%  in  the  microconchs.  This  is  a feature  widely  characteristic 
of  the  Cardioceratidae,  from  Arctocephalites  and  Arcticoceras  in  the  Boreal  Bathonian  through  Longaeviceras 
and  Quenstedtoceras  of  the  Upper  Callovian  to  Cardioceras / Goliathiceras  of  the  Oxfordian  (see  Callomon 
1985).  The  primary  ribbing  is  fine  and  dense,  fading  at  about  40  mm.  The  secondaries  are  also  characteristically 
fine  and  dense,  remaining  as  vestigial  chevrons  on  the  keel  to  diameters  of  between  50-90  mm  after  which  the 
shells  are  wholly  smooth. 

Distribution.  Yorkshire:  Kellaway  Rock,  Calloviense  Zone,  upper  Koenigi  Subzone,  equivalent  to  about 
horizon  XI  of  Wiltshire.  Gloucestershire:  Kellaways  Rock  in  old  railway-cutting  at  South  Cerney  (BM  and 
BGS  Jr  1713).  East  Greenland:  Fossilbjerg  Member  of  Olympen  Formation  in  central  Jameson  Land. 
Germany:  southern  Franconian  Alb  (Dorn  coll.  Erlangen).  Russia:  ?Petchora  basin  ( Chamoussetia 
stuckenbergi) ; Moscow  basin,  Kostroma. 

Affinities.  C.  phiilipsi  is  closely  related  to  C.  chamousseti  (d’Orbigny),  but  not  identical.  The  latter  was 
based  on  a single  specimen  from  the  Lower  Callovian  of  Mont-du-Chat,  Chanaz,  Savoie,  in  the 
collection  of  a M.  Itier,  reported  by  Parona  and  Bonarelli  (1895)  to  be  in  Belley.  The  type  has 
recently  been  rediscovered  in  the  d’Orbigny  collection  in  Paris.  Through  the  courtesy  of  Drs  D. 
Marchand  (Dijon)  and  H.  Gauthier  (Paris),  we  have  been  able  to  obtain  a cast.  It  is  shown  in  text- 
fig.  3.  Its  principal  dimensions  are  included  in  Table  1 for  comparison.  The  values  agree  almost 
perfectly  with  those  given  by  d’Orbigny  himself.  At  90  mm,  the  relative  whorl-height,  whorl-breadth 
and  umbilical  width  are  0-48,  0-52,  01 ! respectively;  at  75  mm:  0-52,  0-50,  0-09.  About  the  last  third 
whorl  is  bodychamber,  and  the  umbilical  margin  begins  to  uncoil  markedly  at  the  end  of  the 
phragmocone.  C.  chamousseti  is  therefore  a relatively  small  species,  like  C.  phiilipsi , and  its  cross- 
section  is  similarly  lanceolate,  but  it  differs  from  C.  phiilipsi  in  the  style  of  the  residual  ribbing.  The 
secondaries  appear  to  arise  by  trifurcation  and  flexuous  projection  from  vestigial  primaries  at 
somewhat  irregular  and  indistinct  furcation-points  high  on  the  whorl-side  (text-fig.  3).  Nothing  like 
this  is  to  be  seen  in  any  of  the  English  specimens  of  C.  phiilipsi  or  of  the  Russian  ones  illustrated 
by  Nikitin.  Where  traces  of  primaries  remain  (e.g.  PI.  88,  fig.  2),  they  suggest  that  the  furcation- 
points,  if  any,  lay  low  on  the  whorl-side,  with  both  primary  and  secondary  ribs  running  up  the 
whorl-side  with  gently  projected  and  uninflected  curvature.  Whether  these  pecularities  of  ornament 
in  the  type  of  C.  chamousseti  are  typical  of  the  species  or  whether  they  are  merely  aberrations  in  one 
specimen,  only  new  material  will  be  able  to  tell. 

A species  very  similar  to  C.  phiilipsi , and  possibly  identical,  is  C.  stuckenbergi  (Lahusen,  1875). 
This  was  based  on  some  fragmentary  material  from  the  Petchora,  and  when  this  is  redescribed  and 
amplified  through  new  and  better-preserved  material,  C.  phiilipsi  may  well  become  a junior 
synonym.  In  the  meantime  however  it  seems  safer  and  more  convenient  to  retain  a separate  name 
for  the  Yorkshire  species. 
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text-fig.  3.  Chamoussetia  chamousseti  (d'Orbigny),  holotype,  Mont-du-Chat  (Savoie).  D’Orbigny  coll..  Paris, 
no.  3167-1  (R  2414-1)  (=  d'Orbigny  1847,  pi.  155);  photo  of  plaster-cast,  x I 

Another  related  but  distinct  species  of  Chamoussetia  includes  the  forms  found  fairly  commonly 
in  the  Kellaways  Clay  of  Wiltshire.  The  distinguishing  features  are  a larger  average  adult  size,  a 
more  compressed  and  less  lanceolate  whorl-section,  and  stronger,  coarser  secondary  ribbing 
persisting  to  larger  diameters.  To  record  these  differences  formally,  we  give  this  Wiltshire  species  a 
new  name: 

(a)  Chamoussetia  buckmani  sp.  nov. 

Plate  90,  plate  91,  fig.  2a-c;  text-fig.  4 a 

Holotype.  The  specimen  previously  figured  by  Buckman  (BGS  GSM  30393;  1924,  pi.  462). 
It  is  refigured  here  on  PI.  90.  Although  perhaps  not  the  best-preserved  of  the  available  specimens, 
it  is  in  all  respects  typical  of  the  species.  A paratype  showing  more  of  the  inner  whorls  is  illustrated 
on  PI.  91,  fig.  2,  and  a septal  suture  traced  from  this  specimen  is  shown  in  text-fig.  4 a.  Selected 
dimensions  are  given  in  Table  2. 


EXPLANATION  OF  PLATE  89 

Figs.  1-5.  Chamoussetia  pliillipsi  nom.  nov.  I a , b , [M],  inflated  variant  with  half  a whorl  of  bodychamber,  SM 
J12205,  Leckenby  coll.,  Scarborough;  2 a-c,  [m?],  with  nearly  half  a whorl  of  bodychamber,  SM  J 1 2 1 80, 
ibid. ; 3,  [m],  with  5/8  whorl  of  bodychamber,  uncoiling  umbilical  seam  and  part  of  the  final  adult  peristome, 
JKW  BC16,  Cayton  Bay  waterworks  section,  Kellaways  Rock,  Koenigi  Subzone,  with  imprints  of 
Kepplerites  lahuseni  Parona  and  Bonarclli  [m]  in  the  matrix;  4 a-c,  [m],  complete  adult  with  uncoiling 
umbilical  seam,  PFR  M748,  same  horizon  as  fig.  3;  5a,  b [m],  half  whorl  bodychamber,  SM  J 1 2 1 82, 
Scarborough. 


PLATE  89 
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CALLOMON  and  WRIGHT,  Chamoussetia  phillipsi 
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text-fig.  4.  Septal  sutures  of  Chamoussetia.  4a,  Chamoussetia  funifera  (Phillips),  Upper  Callovian, 
Scarborough  (WM  J157,  pi.  93,  fig.  2a)  x 1.4b,  Chamoussetia  buckmani  sp.  nov.,  Lower  Callovian,  Trowbridge 

(BM  C. 80487,  pi.  91,  fig.  2a),  x 1. 

The  age  of  C.  buckmani  in  Wiltshire  is  early  Koenigi  Subzone  of  the  Calloviense  Zone.  The  precise 
level  in  the  succession  of  faunal  horizons  summarized  in  the  stratigraphical  introduction  is  still  not 
certain.  Direct  evidence  comes  from  a recent  exposure  near  Fairford,  Gloucestershire,  of  Kellaways 
Clay  in  drainage  ditches  at  the  bottom  of  a gravel-pit  (grid-ref.  SP  178003;  JHC  coll.  1987)  in  which 
a bed  about  1 m thick  yielded  eight  specimens  of  C.  buckmani  and  only  two  of  Proplanulites,  one 
of  Cadoceras  and  no  Kepplerites.  This  suggests  strongly  that  the  species  is  confined  to  a narrow 
horizon  of  its  own.  Indirect  support  for  this  suggestion  comes  from  the  compositions  of  museum 
collections.  By  far  the  largest  number  of  individuals  collected  at  any  one  locality  came  from  the 
cuttings  at  Trowbridge  described  by  Mantell  (1850).  In  contrast,  these  seemed  to  have  yielded 
relatively  little  material  of  the  other  faunas  usually  associated  with  the  Kellaways  Clay,  to  judge 
from  Mantell’s  collection  in  the  British  Museum.  The  figures  in  Table  2 are  taken  therefore  only 
from  specimens  that  have  come  from  Trowbridge  or  from  Fairford.  At  the  latter  locality,  the  level 
with  C.  buckmani  is  overlain  disconformably  by  Kellaways  Rock  with  faunas  XIII-XV.  How  big 
the  gap  is  cannot  be  determined.  The  species  is  represented  in  the  old  collections  from  Cocklebury 
Hill  in  Chippenham,  which  consist  mainly  of  faunas  VIII  and  IX.  It  occurred  in  cuttings  for  a by- 
pass at  Wincanton  (JHC  coll.  1976),  whose  faunas  consisted  exclusively  of  those  from  horizons  VIII 
and  IX.  The  specimen  figured  by  Corroy  (see  synonymy)  came  from  a famous  locality  at  Poix  in 
the  Ardennes  that  yielded  a rich  and  homogenous  assemblage  also  characteristic  of  about  horizons 
VIII-IX  ( Proplanulites  and  Cadoceras  also  figured  by  Corroy  1932;  Kepplerites  by  Tintant  1963).  All 
the  evidence  points  therefore  to  a level  somewhere  in  the  range  of  faunas  VIII-IX.  C.  phillipsi  is 
younger.  As  indicated  in  the  stratigraphical  introduction,  its  level  in  Yorkshire  is  somewhere  close 
to  that  of  horizon  XI.  Occasional  specimens  in  the  collections  from  further  south  are  labelled  ‘South 
Cerney’,  near  Cirencester.  They  are  preserved  in  sandstone  of  the  Kellaways  Rock  and  came  from 
the  railway-cutting  described  by  Harker  and  by  Woodward  (1895,  p.  33).  The  associated  fauna 
indicates  horizons  not  lower  than  XII  and  up  to  perhaps  XV.  In  East  Greenland  the  associated 
faunas  indicate  an  age  also  close  to  that  of  horizon  XII. 


Fig.  1 a-c.  Chamoussetia  buckmani  sp.  nov..  holotype  [M],  nearly  complete  adult;  GSM  30393,  Kellaways 
Clay,  Trowbridge,  Wiltshire,  lower  Koenigi  Subzone. 


EXPLANATION  OF  PLATE  90 


PLATE  90 


CALLOMON  and  WRIGHT,  Chamoussetia  buckmani 
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table  2.  Dimensions  of  Chamoussetia  buckmani  sp.  nov. 


(a) 

D(max) 

mm 

(b) 

D(phrag) 

mm 

(c) 

Bodych. 

whorl 

(d) 

D:  B/D 

(e) 

D(sec-r) 

mm 

(f) 

Macroconchs:  Towbridge 

BM  32537 

175 

125 

0-60 

125:  0-64 

< 1 10 

us,  as 

BM  50447a 

165 

125 

0-50 

125:  0-48 

100 

us,  as 

GSM  97562 

155 

115 

0-60 

125:  0-64 

< 100 

us,  as 

BM  C. 89125 

150 

115 

0-50 

115:  0-52 

90 

us,  as 

BM  37500 

140 

120 

0-30  + 

125:  0-46 

100 

us,  as 

BM  32536 

140 

105 

0-50 

110:  0-49 

100 

us,  as 

BM  50447  b 

135 

115 

0-35  + 

120:  0-59 

90 

us,  as 

BM  50448 

(135) 

115 

0-40  + 

120:  0-44 

100 

us,  as 

GSM  30393 

132 

105 

0-50 

100:  0-46 

100 

us,  as 

(holotype) 

BM  C.6637 

105 

(110) 

— 

100:  0-44 

100 

as 

BM  50448 

105 

? 

— 

100:  0-58 

100 

wholly  sept 

BM  C. 80487 

98 

9 

— 

95:  0-40 

>95 

wholly  sept 

(PI.  91,  fig.  2) 

Macroconchs:  Fairford 

No.  1 

140 

110 

0-60 

1 10:  0-50 

90 

us,  as 

2 

145 

110 

0-60 

120:  0-50 

<100 

us,  as 

3 

140 

105 

0-50 

120:  0-51 

<100 

US 

4 

(140) 

110 

0-40 

120:  0-50 

<100 

US 

5 

(120) 

95 

0-50 

95:  0-42 

US 

6 

100 

0-2  + 

100:  0-60 

80 

as 

7 

100 

0-4  + 

100:  0-45 

<90 

as 

Notes:  see  Table  1.  Material  from  Fairford  variably  distorted:  measurements  somewhat  approximate. 

To  complete  the  list,  there  are  two  further  species  of  Chamoussetia  not  so  far  found  outside  their 
type-areas. 

( b ) Chamoussetia  saratovensis  sp.  nov. 

1956  Chamoussetia  chamousseti  (d'Orbigny);  Kamysheva-Elpatyevskaya  et  al..  p.  47,  pi.  19,  fig.  57 

[M] 

1959  Chamoussetia  chamousseti  (d’Orbigny):  Kamysheva-Elpatyevskaya  et  al.,  p.  148,  pi.  1 1,  figs.  5a, 
b [M] 

*1965  Chamoussetia  chamousseti  (d’Orbigny);  Sazonov,  p.  38,  pi.  9,  fig.  1 a,  b (holotype),  12a,  b,  v,  g 
[M]. 

All  came  from  a ravine  at  Malinovy,  north  of  Saratov.  They  are  characterized  by  very  coarse,  blunt 
secondary  ribs  that  persist  to  large  diameters  - in  the  holotype,  to  95  mm  - on  the  external  margin 
of  a whorl-section  that  is  compressed  and  acute  but  does  not  develop  the  sharp  lanceolate  discoidal 


EXPLANATION  OF  PLATE  91 

Fig.  1 a-c.  Chamoussetia  funifera  (Phillips),  [M],  wholly  septate  phragmocone,  SM  J 1 2 1 86.  Leckenby  coll., 
Scarborough,  Athleta  Zone. 

Fig.  2 a-c.  Chamoussetia  buckmani  sp.  nov.,  [M],  wholly  septate  phragmocone,  BM  C. 80487,  Kellaways  Clay, 
Wiltshire  (Trowbridge?),  Calloviense  Zone,  Koenigi  Subzone. 


PLATE  91 


CALLOMON  and  WRIGHT,  Chamoussetia  funifera,  C.  buckmani 
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table  3.  Dimensions  of  Chamoussetia  funifera  (Phillips) 


(a) 

D(max) 

mm 

(b) 

D(phrag) 

mm 

(c) 

Bodych. 

whorl 

(d) 

D:  B/D 

(e) 

D(sec  — r) 
mm 

OUM  J30892 

180 

120 

Macroconchs 

0-50 

110:  0-28 

110 

us,  p 

(Bletchley) 
WM  J57 

110 

110 

0 

100:  0-30 

100 

U/D,  0-08 
wholly  sept 

(PI.  93,  fig.  2) 
OUM  J 16381 

105 

105 

0 

100:  0-25 

100 

U/D,  0-08 
wholly  sept 

(holotype) 
SM  J 1 2 1 85 

95 

(?) 

0 

95:  0-26 

65 

U/D,  0 08 
wholly  sept 

(PI.  93,  fig.  1) 
SM  J 12186 

86 

(?) 

0 

80:  0-28 

70 

U/D,  0 08 
wholly  sept 

(PI.  91,  fig.  1) 
BM  39517 

73 

(?) 

0 

70:  0-29 

75 

U/D,  O il 
c.80  sec. 

(PL  92,  fig.  1 ) 
Holotype 

90 

Chamoussetia  galdrynus  (d’Orbigny) 

(?)  (?)  90:  0-28 

90 

ribs/whorl 
U/D,  0 06 

(d'Orbigny  pi. 
Douville  1912, 

156) 

85 

(?) 

0 

85:  0-28 

65 

wholly  sept 

pi.  3,  fig.  6 
SM  J 121 8 1 

(40) 

(40) 

?Microconch 
0 + 

35:  0-32 

40 

as,  body-ch 

(PL  92,  fig.  2) 

onset 

Notes:  see  Table  1 U/D:  relative  umbilical  width.  Chamoussetia  galdrynus  from  Normandy;  other 
specimens  from  the  Scarborough  area,  except  the  one  from  Bletchley. 


keel  of  the  other  species  of  Chamoussetia.  In  this  respect  they  resemble  more  the  macroconchs  of 
Q.  ( Lamberticeras ) of  the  Upper  Callovian,  although  they  differ  in  having  the  minute  umbilicus  of 
Chamoussetia.  Their  age  cannot  be  given  with  the  same  precision  as  that  of  English  forms,  for  they 
are  not  recorded  from  detailed  sections,  and  the  faunas  associated  with  them  continue  to  present 
problems  of  correlation,  composed  mainly  of  Cadoceras  elatmae  (Nikitin)  and  related  forms  not 
known  from  western  Europe.  Specimens  of  Kepplerites  figured  from  the  area  and  said  to  have  come 
from  the  same  zone  do,  however,  include  the  true  K.  ( Gowericeras ) goxverianum,  and  so  the  age  may 
well  be  Koenigi  Subzone. 


(c)  Chamoussetia  crobyloides  (Quenstedt,  1887) 

1887  Ammonites  lamberti  crobyloides  Quenstedt,  p.  806,  pi.  90,  figs.  19,  1 9 p. 

The  monotypic  holotype  was  a pyritized  specimen  from  clays  said  to  belong  to  the  Brown  Jura  (. 
This  suggests  Upper  Callovian,  very  possibly  Athleta  Zone.  Its  affinities  could  therefore  be  with  C. 
funifera , which  it  resembles  in  being  discoidal,  compressed,  with  minute  umbilicus.  It  differs, 
however,  in  having  very  coarse  residual  ribbing  on  the  venter. 

Ammonites  hyperbolicus  Leckenby  has  at  times  been  interpreted  as  a member  of  the  present 
group,  but  there  was  confusion  due  to  the  misidentification  of  the  type  (Buckman  1914:  see 
synonymy  of  C.  phillipsi  above).  This  specimen  was  rediscovered  and  figured  by  Arkell  (1948,  p.  397, 
text-fig.  137)  who  correctly  identified  it  as  a Goliathiceras  from  the  Cordatum  Zone,  and  pointed  out 
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that  the  specimen  figured  by  Buckman  belonged  to  an  undescribed  species  of  homeomorphic 
Chamoussetia. 


Chamoussetia  funifera  (Phillips,  1829) 

Plate  91,  fig.  1,  plate  92,  plate  93,  figs.  I and  2;  text-figs.  2b  and  4b 

*1829  Ammonites  funiferus  Phillips,  p.  142,  175,  pi.  6,  fig.  23  (refigured  unchanged  in  later  editions  of 
1835  and  1875). 

1847  Ammonites  galdrynus  d’Orbigny,  p.  438,  pi.  156. 

1912  Chamoussetia  galdrynus  (d’Orbigny);  Douville,  p.  21,  pi.  3(9),  figs.  6,  6a:  text-figs.  16,  17. 

1918  Longaevicerasl  funiferum  (Phillips);  Buckman,  p.  xiv. 

1962  Chamoussetia  funifera  (Phillips):  Howarth,  p.  125. 

Type.  Plate  92,  fig.  4 a-c\  Phillips’  collection,  OUM  J 1 638 1 , labelled  ‘ Amm.  funiferus  0,  Hackness’ 
in  Phillips’  handwriting.  The  original  description  was  confined  to  a few  words  (p.  1 42) : ‘ Ammonites. 
-13.  funiferus.  It  nearly  resembles  a.  excavatus  (Min.  Conch,  tab.  cv).  Scarborough,  (author’s 
collection)’.  There  is  thus  some  conflict  between  the  localities  given  on  the  label  and  in  the  text. 
Whereas  often  the  place-name  ‘Scarborough’  in  old  collections  can  include  localities  within  some 
distance  of  the  town,  Phillips  was  usually  careful  to  distinguish  between  it  and  Hackness.  His  lists 
record  numerous  specimens  explicitly  from  both.  In  most  other  respects  however  Phillips’  specimen, 
which  is  the  only  one  surviving  in  his  collection,  agrees  tolerably  well  with  the  original  figure 
(reproduced  here  in  text-fig.  2 b)  which  was  said  to  be  reduced  to  half-size.  There  is  no  evidence  that 
the  type-series  contained  more  than  one  specimen,  and  despite  some  small  doubts,  therefore,  the 
indications  are  strongly  that  the  surviving  specimen  is  the  holotype.  The  widely-held  belief  that 
Phillips’  collection  of  the  material  described  in  his  book  was  lost  in  1837  can  no  longer  be  upheld 
(Edmonds  1977). 

Description.  Measurements  are  given  in  Table  III.  Almost  all  the  available  specimens  appear  to  be  macroconchs, 
which  are  septate  to  ca.  100  mm.  Only  one  specimen  is  known  with  complete  bodychamber  (OUM  J30892), 
but  it  is  too  heavily  encrusted  with  concretionary  pyrites  to  be  worth  figuring.  It  shows,  however,  that  the  adult 
peristome  is  ventrally  projected  into  a hood,  the  keel  fading  to  give  a rounded  venter  as  in  the  presumed 
ancestral  Arcticoceras.  The  whorl-section  is  compressed  and  highly  arched  but  not  lanceolate  as  in  C.  phillipsi , 
the  umbilical  walls  steep  but  not  overhanging.  The  whorl-thickness  is  remarkably  constant  at  around  28  % of 
the  diameter.  The  ribbing  is  fine  and  dense,  fading  at  around  30  mm  and  leaving  only  vestigial  secondary 
chevrons  on  the  keel  which  fade  at  between  60-100  mm  to  leave  the  shell  wholly  smooth.  In  some  specimens 
the  ventral  chevrons  show  a slight  lateral  swelling  (PI.  91,  fig.  1 c.  PI.  92,  fig.  4c)  not  seen  in  Lower  Callovian 
species.  Adult  sutures  are  crowded,  complex  and  variable  (text-fig.  4 b and  Douville’s  figs.  1 6,  1 7),  but  otherwise 
typical  of  Cardioceratidae  as  a whole  and  not  systematically  distinguishable  from  those  of  C.  chamousseti.  The 
only  arguably  microconch  specimen  (PI.  92,  fig.  2)  seems  to  consist  of  the  phragmacone  just  up  to  the  last 
septum.  Its  last  few  sutures  appear  to  be  somewhat  approximated  and  simplified,  but  lacking  more  abundant 
material  not  much  can  be  said  about  the  dimorphism  in  this  species. 

Age  and  distribution.  Confusion  has  arisen  in  the  past  because  by  a coincidence  the  present  species  resembles 
both  in  form  and  in  preservation  the  much  earlier  species  C.  phillipsi  from  the  Kellaways  Rock  of  the  same 
type-area  in  Yorkshire,  neither  species  having  been  collected  actually  in  place.  It  is  now  clear,  however,  that 
C.  funifera  is  of  Upper  Callovian  age,  its  level  in  Yorkshire  being  in  the  lower  Hackness  Rock,  Athleta  Zone, 
Proniae  Subzone.  This  may  be  seen  in  the  specimen  shown  in  PI.  93,  fig.  2,  which  has  attached  to  it  two 
fragmentary  pieces  of  characteristic  Kosmoceras  cf.  rowlstonense.  The  holotype,  if  it  came  from  Hackness,  also 
could  have  come  only  from  the  Hackness  Rock,  for  beds  lower  than  Middle  Callovian  are  neither  reached  in 
the  quarry  nor  exposed  elsewhere  in  the  neighbourhood.  The  specimen  OUM  J30892  listed  in  Table  III  was 
found  in  place  at  Bletchley,  Buckinghamshire,  in  Middle  Oxford  Clay  (the  lower  part  of  bed  21  of  Callomon, 
1968,  p.  282),  again  in  the  Proniae  Subzone  of  the  Athleta  Zone.  Douville  records  a total  of  four  known 
specimens,  as  C.  galdrynus , all  from  Normandy  around  Dives  and  apparently  found  in  the  Athleta  and 
Lamberti  Zones.  The  holotype  of  C.  galdrynus  came  from  the  Athleta  Zone  of  Beuseval  (Eudes-Deslongchamps 
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text-fig.  5.  Phylogeny  of  the  Cardioceratidae.  Standard  zonation  of  the  Boreal  Bathonian:  Arcticus, 
Greenlandicus,  Ishmae,  Cranocephaloide,  Variabile  and  Calyx  Zones,  in  ascending  order.  That  of  the 
Callovian  and  Oxfordian,  as  in  text-fig.  1 Cross-sections  drawn  from  real  specimens  of  Arcticoceras  ishmae 
(Keyserling),  Cadoceras  tolype  Buckman,  Quenstedtoceras  ordinarium  (Brown),  Cardioceras  scarburgense 
(Young  and  Bird) ; Longaeviceras  nikitini  (Sokolov) : Chamoussetia  buckmani  sp.  nov.  (Fairford),  Chamoussetia 

funifera  (Phillips). 

1890,  p.  103).  C.  funifera  is  thus  known  only  from  a very  restricted  area,  between  Yorkshire,  where  it  is  not 
uncommon,  and  northern  France  where  it  is  very  rare. 

Affinities  and  phylogeny.  The  phyletic  derivation  of  the  whole  genus  Chamoussetia  presents  curious 
problems  (see  Text-fig.  5).  The  first  tendency  in  the  Cardioceratidae  to  develop  compressed  whorl- 
sections  with  acute  venter  may  be  observed  in  Arcticoceras  greenlandicus  and  A.  ishmae  of  the 
Greenlandicus  and  Ishmae  Zones  in  the  Boreal  Middle  Bathonian.  (For  a summary  of  the  boreal 
zonal  succession,  see  Calloman  1985;  for  examples  of  A.  ishmae , see  Sokolov  1912,  pi.  1,  fig.  1; 
Spath  1 932,  pi.  15,  figs.  1,7;  Calloman  1 985,  fig.  8h,  h ; text-fig.  6).  These  forms  have  small  umbilici, 
accentuation  of  secondary  ribs  on  an  acute  venter,  smooth  adult  bodychambers  and  highly  variable 
inflation  of  the  shell  just  as  in  C.  phillipsi , so  that  they  make  entirely  acceptable  ancestors.  They  are 
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Figs.  1-4.  Chamoussetia  funifera  (Phillips)  1 a.  b.  [M],  wholly  septate,  BM  39517,  Bean  coll.,  Scarborough; 
2a.  b.  [m?],  bodychambcr  just  commencing,  last  sutures  approximated,  SM  J 1 2 1 8 1 , Scarborough;  3 a-d, 
wholly  septate  nucleus,  SM  J 1 2 1 84,  Scarborough  (3c,  d.  x 2);  4 a-c.  presumed  holotype,  [M],  bodychamber 
just  commencing,  OUM  .116381,  Phillips  coll.,  ‘Hackness’.  All  Athlela  Zone. 


PLATE  92 


CALLOMON  and  WRIGHT,  Chanwussetia  fun  if  era 


PAL  32 


3d  (x  2) 


818 


PALAEONTOLOGY,  VOLUME  32 


text-fig.  6.  Inner  whorls  of  Arcticoceras  ishmae  (Keyserling),  early  transient,  showing  the  acutely  arched 
venter  and  small  umbilicus  thought  to  indicate  ancestral  characters  leading  to  Chamoussetia.  JHC  2266,  lower 
Ishmae  Zone,  central  Jameson  Land,  East  Greenland;  x 1 


classified  as  members  of  the  subfamily  Arctocephalitinae  Meledina,  1968.  Unfortunately,  in  the 
intervening  six  ammonite  zones,  between  Ishmae  and  Calloviense  Zones,  no  morphologically 
intermediate  form  - ‘missing  links’  - are  known  from  anywhere.  On  the  contrary,  there  is  instead 
an  almost  uninterrupted  thread  leading  smoothly  from  Arcticoceras  of  the  Arctocephalitinae  to 
Cadoceras  of  the  Cadoceratinae,  substantiated  by  rich  material  from  many  places  around  the  shores 
of  the  former  Boreal  Sea,  now  the  Arctic  Ocean.  If  Chamoussetia  was  directly  derived  from 
Arcticoceras,  as  still  seems  likely,  where  then  did  its  more  immediate  ancestors  evolve,  totally  hidden 
from  view  for  such  a long  time;  and  why  only  to  burst  so  suddenly  and  yet  so  briefly  upon  the 
known  world?  The  only  alternative  to  such  a hypothesis  would  seem  to  be  to  derive  Chamoussetia 
from  some  other,  later  forms  which  would  have  to  be  Cadoceratinae.  This  could  shorten  the  gap 
in  time  but  would  widen  enormously  the  gap  in  morphologies  to  be  bridged,  again  with  absolutely 
no  intermediates  in  sight.  It  seems  preferable  therefore  at  present  to  follow  the  first  course,  and  to 
regard  Chamoussetia  as  the  last  of  the  Arctocephalitinae. 

The  problem  arises  a second  time  in  jumping  from  C.  phillipsi  of  the  Lower  Callovian,  Koenigi 
Subzone,  to  C.  funifera  of  the  Upper  Callovian,  middle  Athleta  Zone  - a gap  of  three  whole 
ammonite  zones  with  again  no  known  intermediates  (text-fig.  5).  Here,  however,  independent 
derivation  from  other  sharp-ventered  Cadoceratinae  presents  fewer  problems,  for  possible 
candidates  in  early  forms  of  Longaeviceras  can  be  traced  back  into  the  Middle  Callovian. 


EXPLANATION  OF  PLATE  93 

Figs.  1,  2.  Chamoussetia  funifera  (Phillips),  la,  b,  [M],  wholly  septate,  SM  .1121 85,  Leckenby  coll., 
Scarborough;  2a,  h,  [M],  wholly  septate,  bodychamber  just  beginning,  WM  J57,  Scarborough.  (A 
bodychamber  of  Kosmoceras  cf.  rowlstonense  is  attached  in  the  matrix.)  Athleta  Zone. 

Figs.  3 and  5.  Longaeviceras  cf.  schumarowi  (Nikitin).  3a,  b,  [m?],  wholly  septate,  SM  J4747,  Scarborough, 
Hackness  Rock,  Athleta  Zone,  Proniae  Subzone;  5a,  b,  [m?J.  wholly  septate,  JHC  1295,  Woodham,  Bucks., 
Oxford  Clay,  Athleta  Zone,  Spinosum  Subzone. 

Fig.  4.  Longaeviceras  cf.  placenta  (Leckenby),  wholly  septate  nucleus,  JHC  1296,  locality  and  horizon  as  fig. 
5. 

Fig.  6.  Longaeviceras  sp.,  wholly  septate  nucleus,  OUM  J1290,  Hackness  Rock  near  Scarborough,  probably 
Gristhorpe,  Famberti  Zone. 
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Ammonites  funiferus  has  in  fact  at  times  been  placed  in  Longaeviceras  (Buckman,  1918).  However, 
no  Longaeviceras  has  the  minute  umbilicus  of  C.  funifera , and  all  become  more  inflated  in  the 
mature  bodychamber.  So  here  again,  it  seems  preferable  to  accept  a gap  in  time  and  to  extend  the 
range  of  Chamoussetia  from  Lower  to  Upper  Callovian.  The  genus  emerges  then  as  a minor  but 
persistent  and  only  slowly  evolving  element  of  the  Boreal  faunas,  becoming  more  and  more 
restricted  geographically,  and  remaining  hidden  from  the  geological  record  for  long  periods  of  time. 
Such  histories  may  have  been  not  infrequent  among  the  ammonites  generally,  for  the  problems  of 
cryptogenesis  calling  for  such  seemingly  improbable  solutions  are  common  enough. 


Subfamily  cadoceratinae  Hyatt,  1900 
Genus  pseudocadoceras  Buckman,  1918 


Type  species.  P.  boreale  Buckman 


Pseudocadoceras  boreale  Buckman,  1918 
Plate  94,  figs.  1*,  2-6 

cf.  1895  Quenstedtoceras  primigenium  Parona  and  Bonarelli,  p.  93,  pi.  2,  fig.  4 
1918  Pseudocadoceras  boreale  Buckman,  p.  xiv 
*1919  Pseudocadoceras  boreale  Buckman,  pi.  121b  and  legend 
non  1965  Pseudocadoceras  boreale  Buckman;  Sazonov,  p.  3,  pi.  6,  figs,  la,  b (M.  Callovian). 

Description.  During  a revision  of  the  ammonites  of  the  ‘Kelloway  Rock’  of  Yorkshire,  Buckman  (1913) 
recognized  that  Ammonites  longaevus  Leckenby  was  based  on  a type-series  of  four  syntypes  belonging  to  at 
least  two  distinct  species.  Selection  of  a lectotype  of  Longaeviceras  longaevum  left  three  specimens  which 
became  holotype  and  paratypes  of  P.  boreale  : all  three  are  figured  here  on  plate  94  (SM  J3290-2)  together  with 
three  further  topotypes.  Although  no  sutures  are  visible,  all  six  specimens  show  signs  of  maturity,  either  in 
uncoiling  of  the  umbilical  suture  (PI.  94,  figs.  1-6)  or  modification  of  whorl  section  and  ribbing  near  the 
peristome  (PI.  94,  figs.  2 -4,  6).  A further  crushed  adult  (JKW  CC32,  not  figured)  shows  6/10  whorl 
bodychamber.  The  adult  diameter  of  the  species  is  therefore  quite  narrowly  defined  (n  = 7:  d = 34-1  mm,  crd 
= 1-95  mm  = 5-7%).  It  is  clearly  a microconch.  The  ribbing  varies  somewhat  in  density,  from  29  ribs  (PI.  94, 
fig.  1)  to  37  ribs  (PI.  94,  fig.  3)  on  the  last  whorl.  The  umbilicus  is  always  very  narrow.  The  most  characteristic 
feature  of  the  species  however  is  the  acute  venter  on  which  the  secondary  ribs  inflect  sharply,  making  it 
homoeomorphic  with  much  younger  forms  of  Longaeviceras  from  the  Upper  Callovian,  with  which  it  has  at 
times  been  confused. 


explanation  of  plate  94 

Figs.  1-6.  Pseudocadoceras  boreale  Buckman,  [m],  all  adults  with  bodychamber.  la,  b,  holotype,  SM  J3290, 
Leckenby  coll.,  ‘Scarborough’  (probably  Cayton  Bay);  2a,  b , paratype,  SM  J3292,  ibid. ; 3 a,  b,  chorotype, 
topotype?,  JKW  203,  Kellaways  Rock,  Cayton  Bay,  loose;  4a-c,  paratype,  SM  J3291,  ‘Scarborough’;  5, 
chorotype,  topotype?,  JKW  FC2,  Kellaways  Rock,  unit  /?2,  Cayton  Bay,  in  situ  below  Cayton  Cliffs;  6a,  b, 
as  3 a,  b,  PFR  coll.  All  Calloviense  Zone,  Koenigi  Subzone. 

Figs.  7 and  8.  Pseudocadoceras  grewingki  (Pompeckj)  subsp.  whithami  nov.  7 a—c,  complete  adult  with  final 
peristome,  JHC  826,  Kellaways  Rock,  Kellaways,  Wilts.,  Calloviense  Zone  and  Subzone;  8 a-c,  holotype, 
complete  adult  with  final  peristome,  F.  Whitham  coll.,  Kellaways  Rock,  South  Cave,  Humberside, 
Calloviense  Zone,  Enodatum  Subzone. 

Fig.  9 a-c.  Longaeviceras  placenta  (Leckenby),  [M],  topotype,  wholly  septate,  SM  J 1 2 1 75,  Hackness  Rock, 
Scarborough,  Athleta  Zone. 
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Age.  Besides  distinguishing  L.  longaevum  and  P.  boreale  morphologically,  Buckman  assigned  them  also  to 
different  horizons,  placing  the  former  in  the  Athleta  Zone  (Hackness  Rock)  and  the  latter  in  the  Koenigi 
(Sub)zone  (Kellaways  Rock  s.s.).  These  assignments  were,  however,  based  on  a comparison  of  the  matrices  of 
museum  material,  for  not  a single  specimen  of  either  species  had  been  collected  in  situ.  This  mode  of ‘arm-chair 
stratigraphy’  having  become  discredited,  the  age  of  P.  boreale  remained  uncertain,  and  because  of  its  sharp 
venter,  homoeomorphic  with  other  species  of  Longaeviceras , an  Upper  Callovian  age  could  not  be  ruled  out. 
Thus  later  in  Type  Ammonites  it  appears  firmly  listed  in  the  athleta  hemera  together  with  Longaeviceras 
longaevum  (Davies  1930,  table  I,  p.  28).  Most  of  the  material  of  this  rather  rare  species  found  subsequently 
(J.  K.  Wright  and  P.  F.  Rawson  collections)  was  also  of  uncertain  age,  being  found  in  fallen  blocks  on  the 
beach  in  Cayton  Bay.  However,  three  specimens  (including  plate  94,  fig.  5)  have  now  been  found  in  situ  in 
typical  Kellaways  Rock  of  unit  /?2  in  beach  exposures  at  the  foot  of  Cayton  Cliff,  Cayton  Bay  (Wright  1968, 
p.  373  and  fig.  9)  associated  in  the  same  block  with  Chamoussetia  phillipsi  and  Kepplerites  lahuseni.  Buckman 
was  therefore  originally  correct  and  the  age  is  no  longer  in  doubt:  Lower  Callovian,  Calloviense  Zone,  Koenigi 
Subzone,  K.  indigestus / lahuseni  horizon. 

Affinities  and  nomenclature.  There  can  be  little  doubt  that  P.  boreale  is  the  microconch  of  some 
contemporaneous  cardioceratid,  for  it  fits  the  prescription  fully  in  line  with  a long  progression  of 
predecessors  and  successors  (see  Callomon  1963,  pi.  I;  1985,  fig.  8).  As  it  appears  to  be  the  only  form 
occurring  at  this  level  (excluding  Chamoussetia , discussed  above),  its  macroconch  companion  must 
be  the  Cadoceras  found  with  it,  C.  cf.  tolype  Buckman.  Although  not  too  common,  material  is  well 
known.  It  consists  of  typical  forms  of  the  genus,  falling  in  its  range  of  variability  smoothly  between 
C.  tolype  Buckman  of  the  Koenigi  Subzone,  fauna  XI,  and  C.  sublaeve  (Sowerby)  of  the  Calloviense 
Subzone,  fauna  XIV.  One  can  discern  in  this  sequence  a gradual  change  in  the  form  of  the  coiling, 
from  a rather  wide,  steep-sided  umbilicus  of  U-shaped  profile  to  a narrower  one  with  more  sloping 
sides  and  a V-shaped  profile.  In  contrast,  the  evolution  of  the  microconchs  appears  to  be  less 
continuous,  although  it  has  to  be  remembered  that  one  is  here  considering  rather  different 
characters.  The  immediate  predecessors  of  P.  boreale  are  little  known,  for  to  judge  from  the 
collections,  the  Kellaways  Clay  of  S.  England  seems  to  have  yielded  almost  nothing  but 
macroconchs.  The  successors  are  however  quite  common.  Two  typical  examples  are  figured  here  for 
comparison:  from  the  Kellaways  Rock  of  Wiltshire  (PI.  94,  fig.  7),  Calloviense  Zone  and  Subzone, 
and  from  the  Kellaways  Rock  of  South  Cave,  Yorkshire  (PI.  94,  fig.  8),  Enodatunr  Subzone,  fauna 
XVII.  Similar  but  crushed  forms  occur  also  in  the  Medea  Subzone  of  the  Jason  Zone  above.  All 
these  later  forms  resemble  most  closely  Cadoceras  grewingki  Pompeckj  (1900,  pi.  VI,  fig.  I,  lectotype 
designated  by  Imlay  1953,  p.  94;  chorotypes  figured  by  him,  especially  pi.  49,  figs.  5-7),  from 
Alaska,  whose  age  in  terms  of  the  European  zonal  scheme  is,  however,  not  precisely  known  (see 
Imlay  1975).  For  the  present  purposes,  C.  grewingki  is  placed  here  in  Pseudocadoceras.  The  British 
specimens  may  be  referred  to  as  P.  grewingki  whithami  geogr.  subsp.  nov.  (type,  PI.  94,  fig.  8).  There 
is  thus  between  P.  boreale  and  P.  grewingki  a marked  change  from  compressed,  involute,  sharp- 
ventered  to  planulate,  evolute,  more  round-ventered  coiling.  Later  microconchs,  in  the  Middle  and 
Upper  Callovian,  again  develop  the  sharp- ventered,  involute,  compressed  morphology  of  P.  boreale : 
P.  cuneatum  Sazonov,  1965,  P.  boreale  Sazonov  1965  (non  Buckman),  P.  tsytovitchae  (Parishev, 
1968),  P.  obliteration  (Kniazev,  1975)  partim,  P.  parvulum  (Meledina,  1977)  partim,  P.  filarum 
(Meledina,  1977)  partim  - so  much  so  that  they  have  at  times  been  referred  to  Pseudocadoceras 
although  they  are  almost  certainly  the  microconchs  in  part  of  various  groups  of  Longaeviceras. 
Conversely,  the  evolute  morphology  of  P.  grewingki  is  already  found  very  much  earlier,  among  the 
microconchs  of  Arctocephalites,  Arcticoceras  ishmae  and  Cadoceras  variabile  of  the  Boreal  Middle 
and  Upper  Bathonian  (see  Callomon  1985),  some  of  which  are  quite  hard  to  distinguish  from 
P.  grewingki.  These  earlier  forms  were  incorporated  in  a new  genus  Costacadoceras  by  Rawson 
(1982).  It  seems,  therefore,  that  from  their  beginning  in  the  Middle  Boreal  Bathonian  to  the  top  of 
the  Upper  Callovian,  the  evolutionary  development  of  these  microconchs  was  very  limited  and  not 
so  much  progressive  as  saltative,  changing  back  and  forth  between  a few  basic  morphologies  and 
hence  producing  repetitive  homoeomorphs. 
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This  raises  acutely  the  familiar  problem  of  taxonomic  nomenclature  associated  with  the 
recognition  of  dimorphism,  and  the  question  of  the  stratigraphical  range  of  Pseudocadoceras . There 
are  three  possible  approaches.  Firstly,  one  could  retain  Pseudocadoceras  as  a separate  genus  and 
formally  ignore  the  dimorphism  altogether.  Then,  in  view  of  what  has  been  said  above,  it  is  hard 
to  see  any  alternative  to  using  the  name  for  the  whole  of  the  range  from  Bathonian  to  Upper 
Callovian.  Secondly,  one  could  incorporate  dimorphic  status  formally  at  subgeneric  level.  Then  the 
difficulty  arises  that  forms  which  by  conventional  standards  differ  at  specific  level  at  most,  are 
placed  in  different  subgenera  not  by  the  criteria  of  their  own  morphologies,  but  according  to  the 
morphologies  of  their  supposed  macroconchiate  partners.  Thus,  the  boundaries  which  it  is  relatively 
easy  to  draw  between  Arcticoceras , Cadoceras  and  Longaeviceras  have  no  equally  clear  counterparts 
in  the  microconchs.  Conversely,  such  boundaries  as  may  occur  there,  e.g.  between  P.  boreale  and 
P.  grewingki , have  no  counterparts  in  the  macroconchs,  Cadoceras  tolype  and  C.  sublaeve.  Finally, 
one  could  consistently  unite  supposed  dimorphic  pairs  under  the  same  specific  names.  But  this 
presupposes  sufficient  material  at  every  level  to  map  out  in  full  the  variability  of  biospecies 
(‘populations’),  i.e.  monographic  treatment.  And  while  perhaps  desirable  theoretically  as  the 
ultimate  goal,  it  seems  to  lie  some  way  off,  for  the  literature  reveals  at  present  little  general 
consensus  on  the  nature  and  extent  of  biospecies.  In  the  meantime,  therefore,  different  purposes  call 
for  different  nomenclatural  treatments.  As  the  purpose  of  the  present  note  is  primarily  to  settle  the 
stratigraphic  position  and  morphological  characters  of  a well-defined  and  distinctive  group  of 
forms,  it  suffices  to  retain  them  in  Pseudocadoceras  as  nominal  genus  without  further  qualification. 

Distribution.  The  geographical  distribution  of  P.  boreale  extended  probably  over  the  whole  of  the  N European 
Boreal/Sub-boreal  Province,  but  so  far  the  only  closely  comparable  form  that  has  been  recorded  appears  to 
be  P.  primigenium  (Parona  and  Bonarelli)  (see  synonymy)  from  Chanaz,  Savoie.  It  may  be  a senior  synonym, 
but  the  age  of  the  holotype  and  only  known  specimen  is  uncertain  - it  could  again  by  M.  or  U.  Callovian  - 
so  that  pending  new,  accurately  levelled  material  the  name  is  best  left  distinct.  Similar  remarks  apply  to 
P.  orbignvi  Maire,  1932  (p.  197),  the  type  of  which  (Ammonites  leachi  d’Orbigny,  1845,  pi.  35,  figs.  7 -9, 
non  Sowerby)  came  from  the  Moscow  Basin. 


Genus  longaeviceras  Buckman,  1918 
Type  species  Ammonites  longaevus  (Bean  MS)  Leckenby,  1859 

After  their  invasion  of  Europe  from  the  north  in  the  Lower  Callovian,  the  Cadoceratinae  retreated 
back  into  the  Boreal  Province  in  the  Middle  Callovian,  to  be  replaced  in  the  Sub-Boreal  Province 
largely  by  the  Kosmoceratidae,  before  embarking  on  a second  massive  southerly  invasion  in  the 
Lamberti  Zone  of  the  Upper  Callovan,  now  as  Quenstedtoceras.  The  intermediate  forms  recording 
the  evolution  of  Cadoceras  into  Quenstedtoceras  are  therefore  relatively  poorly  known.  They  include 
the  genus  Longaeviceras.  A systematic  study  will  have  to  be  based  on  new  material  from  the  Arctic, 
where  these  forms  remained  the  dominant  group.  Such  material  is  becoming  available  (e.g. 
Bodylevsky  1960;  Voronets  1962;  Meledina  1977),  but  fresh  problems  arise  in  the  stratigraphy:  the 
Sub-boreal  forms  on  which  the  standard  European  chronostratigraphy  is  based  are  here  so  rare  that 
the  familiar  zonal  scheme  cannot  be  used  in  the  Arctic  Middle-Upper  Callovian  until  closer 
correlations  have  been  established.  Thus,  the  Coronatum,  Athleta  and  Lamberti  Zones  are  there 
replaced  by  broadly  equivalent  Zones  of  Cadoceras  ( Rondiceras ) milaschevici , Longaeviceras 
keyserlingi  and  Eboraciceras  ‘ subordinarium ’ Meledina  (non  Buckman). 

In  Europe  these  forms  are  rare  but  of  correspondingly  greater  interest  as  they  occur  in  precisely 
dated  successions  and  hence  give  the  keys  to  correlation.  They  are  commonest  in  Yorkshire,  which 
provided  some  of  the  earliest  named  species. 
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Longaeviceras  placenta  (Leckenby,  1859) 

Plate  94,  fig.  9 a—c 

*1859  Ammonites  placenta  (Simpson  MS)  Leckenby;  p.  10,  pi.  2,  fig.  1 

*1920  Longaeviceras  placenta  (Simpson-Leckenby);  Buckman,  pi.  148  (holotype  refigured) 

71957  Quenstedtoceras  principale  Sazonov;  p.  119,  pi. 11,  figs.  3,  3a,  3 b.  (Saratov) 

71960  Cadoceras  innocent i Bodylevsky;  p.  76,  pi.  5,  figs.  2a,  b (Olenek,  Siberia) 

71977  Longaeviceras  aff.  nikitini  Sokolov;  Meledina,  p.  147,  pi.  30,  fig.  3a,  b (Khatanga,  Siberia) 

Description.  The  holotype  is  a wholly  septate  macroconch  58  mm  in  diameter,  rather  poorly  preserved  and 
buried  in  matrix.  Another  topotype  is  therefore  figured  here.  Its  dimensions  are  at  diameter  70  mm:  whorl- 
height  46%,  whorl-breadth  46%,  umbilical  width  17%  of  the  diameter,  respectively;  wholly  septate;  ribs,  17 
primaries,  ca.  60  secondaries.  In  both  specimens  the  umbilicus  has  gently  sloping  smooth  walls  on  a V-shaped 
cross-section  but  retains  throughout  growth  a sharp  upper  edge  at  which  the  ribbing  terminates.  Inner  whorls 
are  compressed  and  involute;  the  adult  macroconch  bodychamber  becomes  cadicone,  still  with  sharp  umbilical 
edge,  and  smooth.  The  ribbing  is  projected  forward  and  irregularly  variable,  with  1-4  secondaries  either 
intercalated  between  or  formed  by  indistinct  bifurcation  at  mid-flank  from  more  or  less  widely  spaced 
primaries.  The  venter  is  sharply  arched,  traversed  by  accentuated  chevron-like  secondaries.  The  species  is  thus 
morphologically  intermediate  between  ancestral  Cadoceras  and  subsequent  Quenstedtoceras , retaining  the 
characteristic  umbilicus  and  bodychamber  of  the  former  but  beginning  to  acquire  the  irregular  differentiated 
ribbing  and  tendency  towards  a keel  of  the  latter,  especially  Q.  (Lamberticeras),  and  thence  Cardioceras  itself. 

Affinities.  There  are  a number  of  closely-related  species. 

(a)  Longaeviceras  longaevum  (Bean  MS  - Leckenby,  1859) 

1859  Ammonites  longaevus  Bean  MS;  Leckenby,  p.  11. 

*1919  Longaeviceras  longaevum  Bean  sp.;  Buckman,  pi.  121a 

The  name  was  first  published  by  Leckenby  but  immediately  placed  by  him  in  synonymy  with 
Ammonites  lamberti  without  further  description.  Nevertheless,  subsequent  authors  have  always 
regarded  the  name  as  available,  in  common  with  others  of  Bean’s  MS  names  which  slipped  into 
print  in  similarly  cursory  fashion,  and  L.  longaevum  has  become  the  type-species  of  a well- 
characterized  genus,  Longaeviceras.  The  type-specimen  is  also  a wholly  septate  nucleus  of 
a macroconch,  but  it  is  too  small  and  poorly-preserved  to  give  much  idea  of  the  species.  It  is  slightly 
more  involute  and  densely-ribbed  than  L.  placenta  (24  primaries  at  50  mm,  ca.  65  secondaries),  but 
it  seems  doubtful  whether  these  differences  are  more  than  varietal  they  are  certainly  no  greater 
than  those  between  forms  which,  at  a higher  horizon,  in  the  Lamberti  Zone,  are  usually  quite 
happily  combined  under  the  same  name,  Q.  lamberti.  L.  placenta  and  L.  longaevum  were  published 
together,  but  it  seems  more  satisfactory  now  to  follow  Leckenby  in  retaining  L.  placenta  even 
though  L.  longaevum  is  the  generic  type  species. 

(b)  Longaeviceras  stenolobum  (Keyserling,  1846) 

Ammonites  tchefkini  d’Orbigny  var.  stenolobus\  Keyserling,  p.  329,  pi.  20,  fig.  7,  pi.  22,  figs.  13 
and  14. 

Stephanoceras  stenolobum  Nikitin;  1881,  p.  121,  pi.  5,  figs.  28  (Petshora),  29-30  (Oka). 
Cadoceras  stenolobum  Keyserling;  Sokolov,  p.  22,  52  (partim). 

Cadoceras  stenolobum  (Keyserling);  Bodylevsky,  p.  77,  pi.  4,  figs.  3a,  b\  pi.  10,  fig.  la,  b. 
Eboraciceras  stenolobum  (Keyserling);  Meledina,  p.  1 16,  pi.  19,  figs.  2a,  6;  pi.  39,  fig.  3,  pi.  43, 
fig.  3,  pi.  46,  fig.  2. 

The  history  of  this  taxon,  involving  the  oldest  available  name  in  the  group,  is  somewhat  confused. 
The  name  was  introduced  nominally  at  infrasubspecific  level,  but  according  to  current 
interpretations  of  the  Rules  of  Nomenclature  (Art.  45(g))  the  designation  ‘var.’  need  not  be  taken 
to  exclude  the  name  from  being  available  at  subspecific  level.  Most  subsequent  authors  have  taken 
it  to  be  available  from  1846.  An  exception  was  Nikitin  (see  synonymy)  who  expressly  elevated  the 
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taxon  to  specific  rank.  The  type-series  of  Keyserling’s  taxon  was  indefinite,  consisting,  to  judge  from 
the  text,  of  apparently  at  least  three  specimens  from  various  localities  on  the  rivers  Syssola  and 
Petshora  and  their  tributaries.  All  that  was  figured  however  were  two  suture-lines  and  a plug  of 
matrix  from  an  umbilicus  (pi.  20),  although  it  was  not  stated  whether  these  were  all  from  the  same 
specimen  or  from  several.  The  taxon  was  therefore  barely  interpretable.  Nikitin  included  all  of 
Keyserlmg’s  material  in  his  renamed  taxon  and  added  al  least  two  more  specimens  which  he  figured 
as  well,  one  from  the  Petshora  and  now  also  one  from  the  area  of  Elatma,  SE  of  Moscow.  No  types 
were  designated.  Sokolov  attempted  to  rectify  this  by  searching  Keyserling’s  collection  at  the 
Mining  Institute  in  St.  Petersburg  and  claimed  to  have  rediscovered  ' Keyserling’s  original’,  labelled 
" Ammonites  n.  sp.’.  He  must  therefore  have  presumed  that  Keyserling’s  figures  and  descriptions 
were  based  on  a single  specimen,  which  he  thought  he  now  had  and  which  he  figured  (1912,  pi.  1, 
fig.  4,  from  the  Pizhma,  a tributary  of  the  Petshora)  without,  however,  formally  designating  it 
lectotype.  Keyserling’s  collection  was  later  re-examined  by  Bodylevsky  who  came  to  express  doubts 
about  the  identity  of  the  specimen  figured  by  Sokolov  as  ‘ Keyserling’s  original  ’ : its  suture-line  does 
not  agree  with  Keyserling’s  drawings  either  in  size  or  in  detail,  and  the  label  ‘ Ammonites  n.  sp.  ’ was 
added  much  later,  by  Lahusen.  Instead  he  found  another  fragmentary  specimen,  5/8  whorl  of  a 
phragmacone  originally  120  mm  in  diameter,  whose  suture-line  agrees  closely  with  Keyserling’s 
drawings  and  which  came  from  the  Syssola,  one  of  the  localities  expressly  recorded  by  him. 
Bodylevsky  therefore  designated  this  specimen  lectotype.  and  renamed  Sokolov’s  figured  specimen 
Cadoceras  lahuseni  sp.  nov.  A promised  figure  and  description  of  the  lectotype  of  Cadoceras 
stenolobum  has  not  so  far  been  published,  so  that  we  are  restricted  to  Bodylevsky’s  text  as  the  only 
available  guide  to  the  interpretation  of  the  species.  He  continued  to  include  Nikitin’s  excellent 
figures,  however,  and  added  two  more.  These  are  all  consistent  and  show  the  inner  whorls  to  be 
much  more  densely  ribbed  and  less  acutely  arcuate  than  those  of  L.  placenta , analogous  to  the  way 
in  which  subsequently  Quenstedtoceras  henrici  differs  from  Q.  lamberti.  The  characteristic  umbilical 
crater  also  develops  rather  later  during  growth.  These  Russian  forms  give  the  impression  of  being 
perhaps  a little  older  than  the  typical  forms  of  Longaeviceras , intermediate  between  the  latter  and 
the  earlier  group  of  Cadoceras  ( Rondiceras ) milaschevici  (Nikitin)  of  the  Coronatum  Zone.  These 
become  smooth  at  60-80  mm  diameter,  wheres  the  type  of  L.  lahuseni  (Bodylevsky)  is  still  strongly 
and  densely  ribbed  at  120  mm. 

(c)  Longaeviceras  keyserlingi  (Sokolov,  1912) 

*1912  Cadoceras  ( Quenstedtoceras ) keyserlingi  Sokolov,  p.  25,  53,  pi,  2,  fig,  2a,  b (lectotype, 
designated  Meledina  1977)  (R.  Vishera,  Petshora) 

71912  Cadoceras  nikitini  Sokolov,  p.  24,  53,  pi.  I,  fig.  3 a-d,  pi.  3,  fig.  13  (holotype,  monotypy)  (R. 
Adzwa,  Petshora) 

71973  Longaeviceras  bodylevskii  Meledina;  Kniazev  et  al.,  p.  656,  fig.  1.1  (Anabar,  Siberia) 

1985  Longaeviceras  nikitini  (Sokolov);  Callomon,  p.  69,  fig.  8P. 

This  is  a group  of  closely-related  forms.  Whether  they  are  really  separable  specifically  among 
themselves,  or  whether  they  are  merely  variants  of  a single  species,  remains  to  be  determined  when 
more  plentiful  material  is  available.  They  differ  consistently  from  L.  placenta  in  having  sharper 
venters,  particularly  on  the  inner  whorls,  and  secondary  ribs  that  rise  higher  on  the  whorl  side,  close 
to  the  venter,  rather  than  at  mid-flank.  Forms  like  them  are  occasionally  found  in  the  middle 
Athleta  Zone  of  the  Oxford  Clay  of  England  (Peterborough,  old  collections)  so  that  their  age  is  close 
to  that  of  L.  placenta 

(d)  Microconchs 

Microconchs  of  Longaeviceras  are  well  known.  They  include  the  following  group  which  is  most 
probably  the  complement  of  L.  placenta-kerserlingi  etc.,  although  closer  pairing  is  so  far  not 
possible. 

1913  Cadoceras  ( Quenstedtoceras ) marine  d’Orbigny;  Sokolov,  pi.  2,  fig.  1 (Novaya  Zemlya) 

1915  Quenstedtoceras  maxsei  Krenkel,  p.  227,  pi.  22,  fig.  15  (Popilany,  Lithuania) 
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1924  Quenstedtoceras  holtedahli  Salfeld  and  Frebold;  p.  4,  pi.  1,  figs.  3,  3 a (lectotype,  designated 
here),  4 (Novaya  Zemlya) 

1957  Quenstedtoceras  cupressum  Sazonov;  p.  122,  pi.  12,  figs.  3,  3a  (R.  Oka) 

1960  Quenstedtoceras  novosemelicum  Bodylevsky;  p.  80,  pi.  7,  fig.  2 (lectotype,  designated  here) 
(Olenek,  Siberia)  (non  pi.  10,  figs.  4,  5;  non  1949,  nom.  nud.) 

71965  Novocadoceras  suraense  Sazonov;  p.  34,  pi.  6,  figs.  6a,  b (Elatma) 

1985  Longaeviceras  nikitini  (Sokolov);  Callomon,  p.  69,  fig.  8p. 

Fragments  of  forms  like  these  have  been  found  in  the  Hackness  Rock  of  the  Scarborough  area 
(Wright  1968,  p.  392,  bed  4,  recorded  as  Pseudocadoceras  boreale).  Although  the  generic  name 
Novocadoceras  was  based  on  but  a single  specimen,  the  holotype  of  N.  suraense  from  Elatma,  it 
could  well  serve  as  a subgenus  of  Longaeviceras  if  one  wishes  to  incorporate  the  dimorphism  in  the 
formal  taxonomy  at  this  level. 

Age.  Although  none  of  the  well-preserved  Yorkshire  material  has  been  found  in  situ,  there  can  be  little  doubt 
that  it  all  came  from  the  lower,  highly  fossiliferous  chamositic  part  of  the  Hackness  Rock  (Wright  1968,  p.  385, 
bed  3;  p.  392,  beds  2-4).  This  is  supported  by  well-preserved  specimens  known  from  the  Oxford  Clay  of  the 
Midlands:  Bletchley,  bed  21  (Callomon  1968,  p.  282;  JHC  coll.  1975);  Oxford,  Summertown  brickpit  (OUM 
and  BGS,  recorded  as  Ammonites  macrocephalus  by  Woodward,  1895,  p.  43);  and  Northam  brickpit.  Eye 
Green,  Peterborough  (Brinkmann  1929,  p.  33;  BM).  All  these  are  in  the  middle  Athleta  Zone,  Proniae  Subzone 
- the  only  part  of  the  Callovian  clays  of  the  Midlands  to  yield  abundant  large  pyritized  ammonites,  mostly 
Kosmoceras  and  Peltoceras. 

Longaeviceras  does  however  range  higher  up.  Occasionally,  nuclei  are  found  in  the  upper  Athleta  Zone, 
Spinosum  Subzone,  and  two  are  shown  here  in  PI.  93,  figs.  4,  5,  from  Woodham  (Arkell  1939,  beds  D-E; 
Callomon  1968,  p.  288,  again  recorded  in  part  as  Pseudocadoceras  boreale).  Yet  another,  shown  in  PI.  93,  fig. 
6,  came  from  the  Hackness  Rock  in  a piece  of  such  distinctive  matrix  - white  silty  limestone  with  dispersed  very 
large  ooliths  - that  it  can  be  confidently  ascribed  to  the  Lamberti  Zone  around  Gristhorpe  Cliff,  east  of  the  Red 
Cliff  fault  (Wright  1968,  p.  391 ).  It  is  matched  exactly  by  that  of  a fine  collection  of  Lamberti  Zone  ammonites 
in  the  Sedgwick  Museum,  Cambridge.  A specimen  of  L.  holtedahli  Salfeld  and  Frebold  (m)  was  collected  in 
place  in  the  Dunans  Clay  Member  [Oxford  Clay]  in  Staffin  Bay,  Skye  by  Dr  D.  Marchand  (Dijon).  It  occurred 
in  bed  6 of  Sykes  and  Callomon  (1979,  p.  879),  10  cm  above  the  base,  in  indubitable  Lamberti  Zone,  with  Q. 
(Eboraciceras)  grande  Arkell. 

These  late  forms  invite  comparison  with  a whole  new  range  of  forms  recently  described  from  Siberia  by 
Kniazev  (1975)  and  Meledina  (1977),  variously  ascribed  to  Quenstedtoceras  nikitinianum  Lahusen  [a 
Cardioceras  from  the  upper  Mariae  Zone]  (Kniazev,  pi.  2,  figs.  4,  8,  9)  or  Eboraciceras  subordinarium  Buckman 
and  spp.  aff.  (Meledina);  and  a local  speciality  of  small  forms  described  as  Quenstedtoceras  ( Soaniceras ):  Q. 
(S.)  angustatum  (type  species,  holotype  a small  [M],  Q.  ( S .)  parvulum  [m],  to  which  should  probably  be  added 
" Scarburgiceras ' obliteratum  Kniazev  (pi.  3,  figs.  2-6  [m]).  They  are  said  to  come  from  the  ‘zone  of  Eboraciceras 
subordinarium ’,  presumed  to  be  Upper  Callovian,  and  the  ‘zone  of  Cardioceras  obliteratum said  to  be  Lower 
Oxfordian.  All  these  forms  seem  still  to  be  much  closer  to  Longaeviceras  than  to  Quenstedtoceras , however,  for 
the  ‘ Eboraciceras ’ retain  the  characteristic  umbilicus  with  sloping  walls  and  sharp  edge  not  found  in  the  true 


EXPLANATION  OF  PLATE  95 

Fig.  1 . Quenstedtoceras  flexicostatum  (Phillips).  1 c,  obverse  of  1 a,  showing  the  final  adult  peristome  with  striate 
modification  ol  the  ribbing,  [m],  lectotype,  Phillips  coll.,  OUM  J 16380,  Hackness  or  Scarborough,  Lamberti 
Zone  and  Subzone. 

Fig.  2a,  b.  Quenstedtoceras  lamberti  (J.  Sowerby),  [M],  wholly  septate  phragmocone,  topotype,  Tidmoor  Point, 
near  Weymouth,  JHC  93. 

Figs.  3-5.  Kosmoceras  rimosum  (Quenstedt),  adults  with  bodychamber,  [m]  partim  of  K.  rowlstonense.  3 a-c, 
JKW  BH89;  4a,  b,  variant  transitional  to  K.  duncani , with  triplicate  looping  of  secondary  ribs  at 
ventrolateral  clavi  on  the  inner  whorls,  JKW  A22;  5 a-c,  JKW  BH60.  Hackness  Rock,  Hackness  quarry,  bed 
4,  Athleta  Zone,  Proniae  Subzone. 

Fig.  6a,  b.  Kosmoceras  rowlstonense  (Young  and  Bird),  [M],  JKW  BH79,  locality  and  horizon  as  figs.  3-5. 

Fig.  la,  b.  Longaeviceras  polonicum  sp.  nov.,  [m],  adult  with  half  a whorl  of  bodychamber,  WM  J22, 
Scarborough,  Hackness  Rock,  Athleta  Zone. 
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forms  of  this  genus  from  the  Lamberti  Zone;  and  a slighiy  earlier  age,  perhaps  Spinosum  Subzone  of  the 
Athleta  Zone  seems  more  likely. 

The  youngest  true  Longaeviceras  known  so  far  came  from  the  Scarburgense  Subzone  of  the  Mariae  Zone  of 
the  Isle  of  Skye:  L.  staffinense  Sykes  (1975,  p.  72,  pi.  I,  figs.  I,  3). 

Longaeviceras  polonicum  sp.  nov. 

Plate  95,  fig.  7,  cf.  plate  93,  figs.  3 and  5 

Cadoceras  nikitinianum  (Lahusen);  Makowski,  p.  26,  pi.  3,  fig.  1,  1 a (holotype),  pi.  6,  figs.  1,  2, 
3 (Lukow,  Poland) 

Longaeviceras  novosemelicum  Bodylevsky ; pi.  10,  figs.  4a,  6,  5a,  b (Novaya  Zemlya  and  Olenek, 
Siberia) 

Description.  All  the  specimens  from  Poland  cited  above  are  complete  adult  microconchs.  They  develop 
extremely  coarse  ribbing  on  the  bodychamber  in  which  the  somewhat  irregular  primaries  and  secondaries  are 
strongly  differentiated,  giving  them  their  striking  appearance.  The  venter  is  rounded  on  the  inner  whorls  but 
then  becomes  sharp,  the  reverse  of  the  order  usually  found  in  the  Cardioceratidae.  It  does  not,  however,  form 
a keel,  and  the  ribbing  crosses  the  venter  with  if  anything  some  accentuation,  unlike  that  found  in 
Quenstedtoceras : the  difference  may  be  well  seen  by  comparing  Makowski’s  pi.  6,  fig.  3 b with  his  pi.  7,  fig.  1 a. 
The  specimen  from  the  Hackness  Rock  figured  here  (pi.  95,  fig.  7)  is  a little  more  compressed  than  the  Polish 
material  but  otherwise  matches  it  perfectly.  It  is  in  an  old  museum  collection  (labelled  Am.  fiexicostatum  var.), 
but  another,  more  poorly  preserved  (JWK  coll.  A 12)  came  from  Hackness,  bed  4. 

Affinities.  The  earliest  named  species  of  this  group  is  L.  schumarowi  (Nikitin,  1884)  (pp.  68,  143,  pi. 
3,  fig.  16),  said  to  come  from  the  beds  with  Cadoceras  milaschevici , i.e.  probably  late  Middle 
Callovian  or  early  Upper  Callovian.  The  figured  specimen  (lectotype.  designated  here)  is  however 
only  35  mm  in  diameter  and  shown  as  wholly  septate,  so  that  it  is  not  clear  whether  it  it  is  a micro- 
or  a macroconch.  It  is  also  much  more  inflated:  57%  compared  with  35-42%  cited  by  Makowski 
for  the  Polish  forms,  and  38%  at  40-50  mm  in  the  Yorkshire  specimen;  and  the  venter  remains 
correspondingly  rounded  at  all  stages  visible.  Such  inflated  forms  also  occur  in  Yorkshire:  a septate 
nucleus  is  shown  here  in  pi.  93,  fig.  3,  with  a whorl-thickness  of  49%  at  27  mm.  Whether  there  is 
in  fact  a complete  gradation  between  L.  holtedahli  (see  above,  microconchs  of  Longaeviceras ) and 
L.  schumarowi  remains  to  be  seen,  but  Makowski’s  illustrations  suggest  they  are  distinct. 

The  macroconchs  remain  to  be  positively  identified.  A likely  candidate  is  another  specimen 
figured  by  Makowski  as  Cadoceras  schumarowi  (pi.  5,  figs.  10,  10a,  106)  68  mm  in  diameter  said  to 
be  ‘complete’;  but  it  is  difficult  to  tell  whether  it  is  adult.  Its  whorl-thickness  at  70  mm  is  about 
50%.  An  inflated  but  badly  crushed  specimen  from  bed  4 of  Hackness  Quarry  (JKW  coll.  BH5) 
is  septate  to  about  80  mm,  followed  by  a little  bodychamber,  and  still  quite  strongly  ribbed. 
L.  fournieri  (Gerard  and  Contaut  1936)  (p.  47,  pi.  14,  figs.  2,  2a)  may  also  be  of  this  group. 

The  forms  now  called  L.  polonicum  were  previously  included  by  Sykes  (1975,  p.  72)  in 
L.  staffinense  from  the  Oxfordian,  whose  outer  whorls  they  certainly  strongly  resemble.  The  inner 
whorls  of  L.  staffinense  are,  however,  more  rectiradiately  ribbed,  without  the  strong  curved  forward 
projection  which  usually  characterizes  Callovian  forms  of  Longaeviceras. 

Age.  The  Polish  material  all  came  from  concretions  in  a large  glacially  transported  mass  of  clay  at  Lukow,  and 
hence  no  precise  stratigraphy  is  available.  Something  may,  however,  be  learned  from  the  associations  in  the 
concretions,  which  show  that  by  far  the  greatest  proportion  came  from  a single  well-defined  horizon  in  the 
lower  Lamberti  Zone,  Henrici  Subzone,  equivalent  to  beds  Hl-3  at  Dives,  Normandy,  and  bed  D(2)  at 
Woodham  (Callomon  1968,  p.  288)  - the  true  Q.  lamberti  and  its  allies  are  absent.  Material  in  the  museums 
shows  that  these  concretions  are  packed  with  Quenstedtoceras  and  Kosmoceras , any  other  forms  being  very 
rare.  In  contrast,  the  only  imprints  of  other  ammonites  in  the  matrix  attached  to  the  Longaeviceras  figured  from 
Lukow  appear  also  to  be  of  Longaeviceras.  This  suggests  that  these,  in  turn,  all  came  from  concretions  of  a 
different  age.  The  Yorkshire  material  came  from  the  Proniae  Subzone  of  the  middle  Athleta  Zone.  Some  of 
the  nuclei  from  Woodham  that  look  as  if  they  belong  to  this  group  (see  PI.  93,  figs.  5 a,  b)  came  from  the  upper 
Athleta  Zone,  Spinosum  Subzone. 
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Genus  quenstedtoceras  Hyatt,  1877 
Type  species  Ammonites  leachi  (J.  Sowerby,  1819) 


Quenstedtoceras  flexicostatum  (Phillips,  1829) 

Plate  95.  tig.  la-c;  text-fig.  2c 

*1829  Ammonites  flexicostatus  Phillips;  p.  142,  175,  pi.  6,  fig.  20  (unchanged  in  later  editions) 

1912  Quenstedtoceras  lamberti  (Sowerby);  Douville,  pi.  4(10),  fig.  49  (Dives,  Normandy,  bed  H4) 
1922  Bourkelamberticeras  intermissum  Buckman;  pi.  339  (Dorset,  Weymouth) 

1939  Quenstedtoceras  lamberti  (J.  Sowerby)  partim;  Arkell,  p.  171. 

1939  Quenstedtoceras  gallicum  Arkell,  p.  172  (pro  Douville  1912  cited  above) 

1947  Quenstedtoceras  lamberti  (J.  Sowerby);  Arkell,  pi.  2,  fig.  1 1 only. 

Type.  The  legend  of  Phillips’  'lost  collection'  having  been  finally  laid  to  rest  (Edmonds  1977),  there 
is  no  reason  to  reject  material  in  Phillips’  collection  at  Oxford  in  the  search  for  survivors  of  the  type- 
series  of  his  species.  In  the  absence  of  any  indication  to  the  contrary,  the  number  of  specimens  in 
the  type-series  must  be  regarded  as  indefinite,  and  no  type  has  ever  been  designated  although  the 
sole  figure  of  a specimen  stated  to  be  in  his  collection  (Phillips  1875,  p.  327)  was  inevitably  the  basis 
of  all  subsequent  discussions.  There  are  several  specimens  in  Phillips’  collection  labelled  "A. 
flexicostatus'  of  which  the  one  that  most  closely  resembles  the  figure  by  far  and  which  is  labelled  in 
his  own  handwriting  is  now  designated  lectotype  and  figured  here  (OUM  J 16380;  pi.  95,  fig.  1).  As 
can  be  seen  by  comparison,  the  original  figure  (reproduced  here  as  text-fig.  2c)  was  not  unsuccessful, 
the  main  difference  lying  in  the  density  of  secondary  ribs  on  the  last  half-whorl,  which  is  rather 
higher  in  the  type  specimen  than  shown  in  Phillips’  figure. 

Description  and  discussion.  The  uncertainties  of  interpretation  arising  from  poor  illustration  hitherto 
make  much  of  past  classification  of  the  species  now  of  little  interest.  There  is  not  much  to  add  to 
the  discussion  by  Arkell  (1939),  who  followed  Douville  (1912)  in  pulling  flexicostatum  in  synonymy 
with  lamberti.  Other  authors  continue  to  regard  them  distinct,  however,  as  did  Phillips  himself,  and 
in  Poland  they  are  even  used  as  indices  of  two  separate  and  successive  Zones  (Rozycki  1953  and 
others  subsequently,  e.g.  Dayczak-Calikowska  and  Kopik  in  Sokolowski  1976,  p.  166).  The  purpose 
of  this  note  therefore  is  not  necessarily  to  revive  Phillips’  name  but  to  make  quite  clear  to  what  it 
refers. 

The  type  of  Q.  flexicostatum  is  a complete  adult  microconch  with  half  a whorl  of  bodychamber. 
The  diameter  is  68  mm,  septate  to  50  mm,  and  the  dimensions  are:  at  60  mm,  whorl-height  39%, 
whorl-breadth  28  %,  umbilical  width  32  % of  the  diameter,  respectively.  The  only  surviving  syntype 
of  Q.  lamberti  was  unfortunately  designated  'type'  by  Douville  (1912,  p.  59)  who  refigured  it.  It  is 
a nucleus  21  mm  in  diameter,  quite  uninterpretable  in  itself  (BM  43588),  and  past  authors  have 
invariably  based  their  discussions  on  topotypes  resembling  Sowerby’s  larger  figures.  They  are 
common  enough  and  come  from  the  same  level  in  the  Oxford  Clay  at  Weymouth,  almost  exclusively 
from  the  exposure  on  the  beach  at  Tidmoor  Point.  The  ones  that  have  been  figured  are  all 
macroconchs  (Buckman  1920,  pi.  154,  1925,  pi.  154a;  Arkell  1933,  pi.  37,  fig.  3;  Arkell  1947,  pi.  2, 
fig.  10;  Arkell  1956,  pi.  38,  fig.  6).  Another  topotype  of  Q.  lamberti  is  now  figured  here  (PI.  95,  fig. 
2),  alongside  the  type  of  flexicostatum:  it  is  also  from  Tidmoor  Point  and  wholly  septate  with  no 
approximation  of  the  last  sutures.  A closer  match  of  a dimorphic  pair  could  hardly  be  wished  for. 
The  ages  are  identical;  that  part  of  the  Hackness  Rock  belonging  to  the  Lamberti  Zone  contains 
in  abundance  the  same  complete  range  of  variants  found  in  the  clays  of  Tidmoor  Point. 

The  systematic  choice  is  therefore  quite  clear:  if  macro-  and  microconchs  are  to  be  united  under 
the  same  specific  name,  Q.  flexicostatum  is  a junior  synonym  of  Q.  lamberti.  If  the  dimorphs  are  to 
be  distinguished  nominally  at  specific  or  subgeneric  level , flexicostatum  is  the  oldest  available  name 
for  the  microconch  of  lamberti.  There  are  then  two  further  available  specific  names  of  microconchs. 
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given  in  the  synonymy:  Q.  intermissum  (from  Weymouth)  and  Q.  gallicum  (from  Normandy).  These 
were  originally  introduced  or  used  as  morphospecies  to  distinguish  small  differences  of  morphology 
within  the  lamberti  group  (Arkell  1939,  p.  172),  before  the  existence  of  dimorphism  was  realized  - 
hence  the  reference  to  the  type  of  Q.  intermissum  as  a juvenile.  Both  types  have  again  precisely  the 
same  ages  as  Q.  lamberti , and  fall  well  within  the  range  of  what  the  large  collections  from  Tidmoor 
Point  show  to  be  but  a single  rather  variable  biospecies.  The  types  of  Q.  flexicostatum  and  Q. 
intermissum  represent  about  the  extremes  in  the  range  of  sizes  found  (septate  to  50  and  37  mm, 
respectively),  with  the  specimen  figured  by  Arkell  in  1947  (see  synonymy)  about  in  the  middle 
(43  mm).  Q.  gallicum  is  near  the  extreme  in  the  range  of  evoluteness. 

Age.  Upper  Callovian,  Lamberti  Zone  and  Subzone,  as  Q.  lamberti. 

Family  kosmoceratidae  Flaug,  1887 
Genus  kosmoceras  Waagen,  1869 

Type  species  Ammonites  ornatus  rotundus  Quenstedt,  1846  subsequently  designated  by  Buckman  1921,  p.  54 


Kosmoceras  rowlstonense  (Young  and  Bird,  1822) 

Plate  95,  fig.  6,  plate  96,  figs.  1-4;  text-fig.  2d 

*1822  Ammonites  rowlstonensis  Young  and  Bird;  p.  253,  pi.  13,  fig.  10 

1828  Ammonites  rowlstonensis  Young  and  Bird;  p.  269,  pi.  13,  fig.  10  (redrawn) 

*1923  Lobokosmokeras  rowlstonense  (Young  and  Bird);  Buckman,  pi.  437 
cf.  1926  Kuklokosmokeras  kuklikum  Buckman;  pi.  626a,  b 

cf.  1939  Kosmoceras  ( Zugokosmokeras ) rowlstonense  (Young  and  Bird);  Arkell,  p.  192  (non  p.  185). 

History  and  type.  The  interpretation  of  this  species  has  come  under  a cloud.  It  was  described  by  Young  ( 1822, 
p.  253)  as  follows:  ‘No.  10,  PL  xiii  is  a rare  and  beautiful  little  flat  shell  from  the  calcareous  sandstone  of 
Rowlston  Scar.  It  has  on  the  back  a double  crenulated  or  serrated  keel,  or  rather,  a double  row  of  minute  knobs, 
with  a narrow  space  in  between,  rather  depressed.  The  knobs  are  at  the  ends  of  its  curved  ribs,  which  are 
numerous  towards  the  back,  but  fewer  and  more  prominent  towards  the  inner  side  of  the  whorl.  The  aperture 
approaches  to  ovate.  Sowerby’s  A.  calloviense  and  duncani  resemble  this  shell,  but  as  they  both  differ  from  it, 
we  name  it  A.  rowlstonensis.'  The  specimen  was  drawn  by  Bird,  and  his  figure  is  reproduced  here  as  text-figure 
2d.  The  description  was  essentially  unchanged  in  1828  (p.  269),  except  for  the  extra  information  that  the  species 
is  ‘so  rare  that  we  have  seen  only  another  specimen’,  and  the  last  sentence  which  now  reads  ‘It  so  nearly 
resembles  Sowerby’s  A.  gulielmi  that  we  may  take  it  as  a variety  of  the  same  species’.  What  was  thought  to 
be  Young  and  Bird’s  specimen  in  the  Whitby  Museum  (no.  1512)  was  figured  as  holotype  by  Buckman  in  1923. 

The  problem  is  that  the  alleged  holotype  belongs  to  a well-known  species  from  the  Athleta  Zone,  whereas 
at  Roulston  Scar,  in  the  Hambleton  Hills  at  the  most  southwesterly  outcrop  of  the  Jurassic  overlooking  the  Vale 
of  York,  some  50  km  W of  Scarborough,  no  Middle-Upper  Callovian  is  preserved,  only  Oxfordian  Lower 
Calcareous  Grit  (Cordatum  Zone) -to  which  Young’s  ‘calcareous  sandstone’  usually  referred  - resting 
directly  on  Kellaways  Rock.  The  level  of  the  latter  is  here  probably  Koenigi  Subzone  as  elsewhere,  although 
ammonites  are  too  rare  at  this  locality  to  establish  this  directly  (Wright  1978).  The  preservation  of  the  supposed 
holotype,  moreover,  is  without  doubt  in  the  familiar  chamositic  oolite  of  the  Hackness  Rock  of  Scarborough. 
Although  Hackness  Rock  reappears  4 km  N of  Roulston,  it  does  so  as  a flaggy  non-oolitic  marl : no  chamositic 
oolite  is  known  west  of  Hackness.  There  are  also  differences  between  Young’s  description  and  the  supposed 


explanation  of  plate  96 

Figs.  1-4.  Kosmoceras  rowlstonense  (Young  and  Bird)  [M],  la,  b,  ?topotype,  BM  39540,  Scarborough;  2a,  b , 
wholly  septate,  JKW  A21,  Hackness  quarry,  bed  4;  3,  wholly  septate,  JKW  BH68,  same  locality;  4a,  b , 
neotype,  figured  by  Buckman  (1923,  pi.  437)  as  ‘holotype’,  probably  found  as  a beach-pebble  near 
Scarborough,  Whitby  Mus.  1512.  All  Hackness  Rock,  Athleta  Zone,  Proniae  Subzone. 


PLATE  96 
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holotype  too  substantial  to  be  ignored.  Thus,  the  absolutely  characteristic  feature  of  the  Upper  Callovian  form 
is  the  fusion  of  secondary  ribs  at  the  external,  ventro-lateral  tubercles  (‘bundling',  or  looping)  of  which  there 
is  no  sign  in  Bird’s  figure  nor  mention  in  Young’s  account : yet  elsewhere,  in  Upper  Liassic  Peronoceras,  similar 
looping  is  both  commented  on  and  correctly  drawn.  Instead,  Bird’s  drawing  shows  52  minute  simple  tubercles 
on  the  last  half  whorl  where  the  Whitby  specimen  has  only  30. 

There  are,  thus,  serious  discrepancies  between  Young  and  Bird’s  figures  and  description,  which  are 
consistent  among  themselves,  and  the  supposed  holotype.  Similar  contradictions  have  arisen  in  other  cases  - 
see  for  instance  the  lengthy  discussion  of  Ammonites  redcarensis  by  Buckman  (1926,  pp.  1 1 — 13).  It  seems  quite 
certain  on  the  available  evidence,  therefore,  that  the  specimen  in  Whitby  figured  by  Buckman  is  neither  the 
holotype  nor,  if  the  type-series  consisted  already  in  1822  of  the  two  specimens  mentioned  in  1828,  a syntype. 
We  must  conclude  that  Young  and  Bird's  original  descriptions  were  based  on  some  other  specimen  now  lost. 
Even  so,  it  is  not  clear  what  it  might  have  been.  If  truly  from  Roulston,  it  could  conceivably  have  been  a 
Kepplerites  microconch,  although  then  highly  atypical.  Conversely,  figure  and  description  do  most  closely 
resemble  (Middle  Callovian)  Kosmoceras  gulielmi  (Sowerby)  as  the  authors  themselves  stated  in  1828,  but  then 
it  was  most  unlikely  to  have  come  from  Roulston.  Certainly,  nothing  like  it  seems  to  have  been  found  there 
since.  The  name  rowlstonense  has  however  since  come  to  be  widely  used  in  the  literature,  interpreted  in  terms 
of  Buckman’s  figure,  and  to  stabilize  the  nomenclature  of  this  well-known  species  the  specimen  from  the 
Hackness  Rock  of  Castle  Hill,  Scarborough  (Whitby  Museum  1512)  is  now  designated  neotype.  It  is  refigured 
here  on  Plate  96,  fig.  4. 

Description  and  age.  The  type  is  a macroconch  and  the  characteristic  features  are  the  moderately  involute, 
compressed  whorl-section  and  dense  ribbing  on  inner  and  middle  whorls,  commencing  at  the  umbilical  margin 
with  slight  forward  twist,  rising  straight  up  the  whorlside  without  any  lateral  nodes  or  tubercles,  and  dividing 
into  sheaves  of  2—4  very  fine  secondaries.  These  reunite  in  pairs  at  the  ventrolateral  tubercles  on  the  inner 
whorls,  but  later  lead  each  to  a single  tubercle.  As  in  most  Kosmoceras , the  adult  bodychamber  is  highly 
variable.  In  some  specimens  it  becomes  almost  smooth;  in  others,  the  dense  ribbing  persists  to  the  end 
(K.  kuklikum , K.  deficiens)  and  in  yet  others  it  suddenly  regains  strong,  coarse  ‘gerontic’  ribbing  reminiscent 
of  ancestors  in  the  Middle  Callovian  (K.  obductum  posterior  Brinkmann),  as  in  the  fine  topotype  illustrated  on 
Plate  96,  fig.  I . 

The  inner  whorls  are  also  variable.  Some  forms  tend  to  develop  a spiral  smooth  band  low  on  the  whorlside, 
near  the  umbilical  edge,  reminiscent  of  K.  proniae  (Teisseyre,  1884),  but  without  the  double  row  of  lateral 
tubercles  so  characteristic  of  this  species;  and  in  others  the  secondaries  on  the  inner  whorls  may  fuse  externally 
into  groups  of  3-4,  a feature  characteristics  of  K.  duncani  (J.  Sowerby,  1817)  (neotype,  also  from  Yorkshire, 
figured  by  Arkell  1939,  pi.  11,  fig.  6). 

The  microconchs  fully  cover  the  same  range  of  morphologies.  Should  it  be  desired  to  name  them  as  separate 
morphospecies  also,  the  best  available  name  for  the  forms  most  closely  resembling  K.  rowlstonense  appears  to 
be  K.  rimosum  (Quenstedt  1887,  p.  716,  pi.  83,  fig.  1 5 - holotype),  and  some  specimens  from  Hackness  are 
shown  here  in  Plate  95,  figs.  3-5. 

The  age  of  K.  rowlstonense  is  Athleta  Zone,  either  the  upper  part  of  the  Proniae  Subzone  or  the  lower  part 
of  the  Spinosum  Subzone,  for  it  seems  to  be  slightly  younger  than  the  main  fauna  of  the  Proniae  Subzone 
known  throughout  southern  England  (Callomon,  1968:  Calvert,  bed  13  6;  Bletchley,  bed  21,  recently  well- 
exposed  in  a temporary  section  at  Milton  Keynes  with  abundant  pyritized  ammonites).  K.  kuklikum  and 
K.  deficiens  came  similarly  from  slightly  higher  levels  in  the  old  brickpits  of  north  Oxford.  At  Woodham  it 
occurs  in  the  lower  Spinosum  Clays  (bed  E,  JHC  coll.,  and  possibly  bed  D,  recorded  by  Arkell,  1939). 

SUMMARY  AND  CONCLUSIONS 
The  following  species  are  described  or  discussed: 


Chamoussetia  philipsi  nom.  nov.  pro  Am.  lenticularis  Phillips,  1829,  non  Young  and  Bird  1828  803 

? = — stuckenbergi  ( Lahusen,  1875) 

— chamousseti  (D'Orbigny,  1847)  807 

— buckmani  sp.  nov.  808 

— saratovense  sp.  nov.  812 

cryboloides  (Quenstedt,  1887)  814 

funifera  (Phillips,  1829)  815 

= — galdrynus  (D’Orbigny,  1847) 
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Pseudocadoceras  boreale  Buckman,  1918  820 

? = — primigenium  (Parana  and  Bonarelli,  1895) 

grewingki  whithami  subsp.  nov.  822 

orbignyi  Maire,  1932  823 

Longaeviceras  placenta  ( Leckenby,  1859)  824 

— longaevum  (Bean  MS-Leckenby.  1859)  824 

— stenolobum  (Keyserling,  1846)  824 

— ke yserlingi  (Sokolov,  1912)  825 

? = — nikitini  (Sokolov,  1912) 

— polonicum  sp.  nov.  828 

— schumarowi  (Nikitin,  1884)  828 

Quenstedtoceras  flexicostatum  (Phillips,  1829)  829 

= — lamberti  ( J.  Sowerby,  1817)  (m) 

= — intermission  (Buckman,  1922) 

= — gallicum  Arkell,  1939 

Kosmoceras  rowlstonense  (Young  and  Bird  1822)  830 

duncani  ( J.  Sowerby,  1817)  832 

— proniae  Teisseyre,  1884  832 

— rimosum  (Quenstedt,  1887)  832 


Chamoussetia  phillipsi , C.  buckmani , C.  chamousseti  (Lower  Callovian)  and  C.funifera  (Upper 
Callovian)  are  so  similar  to  each  other  and  so  distinct  from  contemporaneous  Cadoceratmae  that 
a separate  parallel  and  slow-evolving  derivation  from  Bathonian  Arcticoceras  seems  to  be  indicated, 
making  this  the  first  group  of  Cardioceratidae  to  have  developed  a keel  independently. 
Pseudocadoceras  boreale  also  has  a sharper  venter,  although  not  a keel  proper,  and  its  age  is  now 
known  to  be  Lower  Callovian,  making  this  apparently  the  second  attempt  at  evolving  a carinate 
whorl-section.  It  is  not  simply  related  to  Upper  Callovian  Longaeviceras , in  which  the  third  attempt 
may  be  seen,  leading  to  Quenstedtoceras  and  hence  Cardioceras  itself;  but  here  again  the  evolution 
is  not  so  much  one  of  replacement  as  of  branching,  Longaeviceras  persisting  independently  side  by 
side  with  Quenstedtoceras  through  the  Upper  Callovian  into  the  basal  Oxfordian. 

These  examples  show  how,  in  ammonites,  a new  character  such  as  the  distinctive  keel  of 
Cardioceras  may  evolve  repeatedly  before  becoming  phyletically  stable.  A succession  of  forms 
sharing  a common  character  may  reflect  repeated  partial  homoeomorphies  rather  than  direct  lineal 
descent.  To  resolve  such  homoeomorphies  can  require  very  detailed  stratigraphical  time-resolution, 
such  as  that  made  possible  by  the  revision  in  recent  years  of  the  stratigraphy  of  the  Yorkshire 
Callovian. 
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EPIDERMAL  STRUCTURE  OF  SOME  MEDULLOSAN 
NEUROPTERIS  FOLIAGE  FROM  THE  MIDDLE  AND 
UPPER  CARBONIFEROUS  OF  CANADA  AND 

GERMANY 

by  CHRISTOPHER  J.  CLEAL  and  ERWIN  L.  ZODROW 


Abstract.  Cuticles  from  seven  taxa  of  neuropterid  frond  are  described.  Based  on  these  and  earlier 
descriptions,  four  main  groups  of  species  are  recognized  within  Neuropteris  Brongmart : Group  I - TV.  loshii 
Brongniart,  TV.  tenuifolia  Sternberg  and  TV.  rarinervis  Bunbury;  Group  II  W.  ovata  var.  simonii  (Bertrand), 
TV.  ovata  var.  sarana  (Bertrand),  TV.  ovata  var.  aconiensis  nov.  var.,  TV.  flexuosa  Sternberg  and  TV.  schaeferi 
Doubinger  and  Germer;  Group  III  -TV.  scheuchzeri  Hoffmann,  TV.  macrophylla  Brongniart,  TV.  subauriculala 
Sterzel,  TV.  britannica  (Gutbier),  TV.  sp  a Barthel  and  TV.  sp  [i  Barthel ; Group  IV  - TV.  neuropteroides  (Goppert). 
The  groups  may  correspond  to  more  refined  form-genera  but,  in  the  absence  of  epidermal  evidence  for  certain 
key  species  including  the  type  TV.  heterophylla  Brongniart,  no  formal  proposals  are  made  here.  The  epidermal 
evidence  suggests  that  most  of  the  fronds  were  from  plants  growing  in  a moist,  lowland  environment.  Only  one 
(TV.  scheuchzeri  Hoffmann)  shows  evidence  of  having  occupied  a more  elevated  habitat. 

Fragments  of  medullosan  pteridosperm  foliage  are  abundant  in  the  middle  and  upper 
Carboniferous  of  North  America,  Europe  and  Asia.  They  are  broken  pieces  of  large  fronds  (some 
originally  over  seven  metres  long  (Laveine  1986))  from  plants  mostly  growing  on  river  levees 
(Gastaldo  1987;  Zodrow  and  Cleal  1988).  The  fragments  were  probably  detached  from  the  plant 
during  storms  and  are  usually  found  in  mudstones  deposited  in  interdistributary  bays  between  the 
river  channels  (see  Fielding  1984,  1986  for  details  of  the  sedimentology). 

Classifying  such  fossils  presents  several  difficulties.  Although  the  seeds  and  pollen  organs  were 
originally  attached  directly  to  these  fronds,  they  usually  became  detached  during  fossilization  (for 
rare  exceptions  see  Stidd  1981).  Evidence  for  the  form  and  structure  of  the  stems  which  bore  the 
leaves  is  also  limited.  It  may  be  difficult  to  determine  even  the  overall  structure  of  these  large  fronds, 
as  has  been  done  for  some  of  the  smaller-leafed  pteridosperms  (e.g.  Mariopteris  - Boersma  1972). 
The  character  set  usually  available  for  classifying  the  medullosan  fragments  is  thus  extremely 
limited,  being  restricted  mainly  to  the  form  and  nervation  of  the  pinnules  and  the  structure  of  the 
ultimate,  and  sometimes  the  penultimate  and  antepenultimate,  pinnae. 

An  additional  source  of  potentially  useful  characters  is  the  cuticle.  If  the  thermal  history  of  the 
preserving  sediment  has  not  been  too  extreme  (at  least  28%  of  the  volatile  components  must  be 
retained  in  the  coalified  tissue  (Barthel  1962)),  the  cuticles  may  still  be  preserved  and  show  a number 
of  structures,  including  the  stomata.  Since  available  characters  are  so  limited,  the  additional  features 
supplied  by  the  cuticle  can  take  on  a greater  significance  than  they  would  in  the  study  of  extant 
plants  (Meyen  1987).  In  fact.  Hill  (1986)  has  argued  that  the  epidermis  has  no  special  taxonomic 
status  in  extant  plants,  and  that  its  significance  can  only  be  properly  judged  in  the  light  of  the 
structure  of  the  whole  plant.  Nevertheless,  cuticle  studies  are  now  a well  established  part  of  the 
investigation  of  Mesozoic  pteridosperm  foliage  (e.g.  Townrow  1960;  Harris  1964). 

Cuticles  are  described  from  medullosan  foliage  of  the  form-genus  Neuropteris  Brongniart  (1822). 
The  first  records  of  cuticles  from  this  form-genus  date  from  early  in  this  century  (Wills  1914; 
Gothan  1915;  Bolton  1929),  but  they  are  not  easy  to  interpret.  Wills  figured  one  of  the  pinnules 
which  she  analysed,  but  it  clearly  came  from  near  a pinna  terminal,  making  it  difficult  to  identify. 
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text-fig.  1.  Palinspastic  map  showing  what  is  now  the  North  Atlantic  area  during  the  Westphalian  D.  Main 
areas  of  sedimentation  shown  by  stippling.  Two  areas  from  where  cuticles  described  in  this  paper  originated 
are  shown  by  stars.  Based  on  Zodrow  and  Cleal  (1985,  fig.  1).  Scale  approximately  1 : 30000000. 


Gothan  figured  only  the  cuticles,  whilst  Bolton  figured  neither  cuticles  nor  hand  specimens, 
making  it  difficult  to  verify  species  identifications.  Bolton's  work  is  particularly  suspect.  She 
concluded  that  all  of  the  'species’  examined  had  very  similar  epidermal  structures.  This  is  difficult 
to  reconcile  with  the  results  of  subsequent  studies,  including  the  present  one.  However,  her  earlier 
paper  on  the  gross-morphology  of  the  specimens  (Bolton  1926)  showed  that  she  was  using  a variety 
of  species  names  for  different  pinnule  forms  of  Neuropteris  tenuifolia  Sternberg  (cf.  also  comments 
by  Crookall  1959,  p.  95),  explaining  the  anomalous  consistency  in  epidermal  structures.  Guthorl 
(1941)  illustrated  a cuticle  of  a neuropterid  from  the  Saarland  Coalfield,  without  figuring  the  hand 
specimen  to  establish  its  identity. 

The  most  important  contributions  to  the  subject  are  by  Barthel  (1961  b , 1962,  1976)  and  Reichel 
and  Barthel  (1964),  who  described  and  illustrated  cuticles  from  eleven  species  with  neuropterid 
pinnules.  Our  only  significant  disagreement  is  with  Barthel's  identification  of  a specimen  as 
Neuropteris  obliqua  (Brongniart),  which  according  to  Laveine  (1967)  probably  belongs  to  N.  loshii 
Brongniart.  Barthel’s  results  are  used  as  the  starting-point  for  our  comparisons  of  the  new  material 
described  here.  Other  recent  records  of  neuropterid  cuticles  are  by  Daber  (1963)  and  Dolle  and 
Laveine  (1965),  and  in  unpublished  theses  by  Saltzwedel  (1968)  and  Cleal  (1985).  Finally,  epidermal 
features  are  known  from  some  permineralized  neuropterid  pinnules  (Reihman  and  Schabilion  1978; 
Oestry-Stidd  1979;  Beeler  1983;  Schabilion  and  Reihman  1985). 

Our  specimens  are  from  Westphalian  D to  early  Cantabrian  floras,  when  fossil  plants  have  a 
considerable  biostratigraphical  significance  (Laveine  1977;  Wagner  in  Wagner  et  al.  1983;  Cleal 
1 984 zv),  making  it  essential  that  their  taxonomy  is  thoroughly  understood.  The  cuticles  may  help 
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text-fig.  2.  Correlation  between  Westphalian  D sequences  of  the  Saarland  and  Sydney  coalfields,  based  on 
data  given  in  Cleal  ( 1 984 A)  and  Zodrow  and  Cleal  (1985). 


establish  the  taxonomic  position  of  the  form-genus  and  resolve  any  non-homogeneities  within  it 
resulting  from  our  limited  knowledge  of  the  frond  architecture.  The  cuticles  may  also  provide 
information  of  palaeoecological  significance. 

MATERIAL 

Full  details  of  the  provenance  of  the  specimens  are  given  in  the  appendix.  They  originated  from  the  Saarland 
Coalfield,  Federal  Republic  of  Germany,  and  the  Sydney  Coalfield,  Nova  Scotia,  Canada  (text-figs.  1 and  2). 
The  cuticles  from  the  former  were  prepared  from  specimens  stored  in  the  Saarbrticken  mining  school  museum, 
von  der  Heydt,  near  Saarbrticken  (Cleal  1985),  but  now  housed  in  the  main  part  of  the  mining  school  in 
Saarbrticken.  They  are  assigned  catalogue  numbers  prefixed  by  ‘C/\  which  identifies  them  as  Carboniferous 
plant  fossils.  The  cuticles  from  these  specimens  are  in  the  Department  of  Palaeontology,  British  Museum 
(Natural  History),  London,  under  catalogue  numbers  prefixed  by  ‘V’.  Relevant  stratigraphical  details  are  given 
by  Cleal  ( 1 984 A). 

The  specimens  and  figured  cuticles  from  the  Sydney  Coalfield  are  in  the  collections  of  the  University  College 
of  Cape  Breton.  They  are  assigned  catalogue  numbers,  whereby  three  numbers  indicating  the  year  of  collection 
are  followed  by  the  letters  GF,  and  are  in  turn  followed  by  the  number  of  the  specimen  collected  that  year  (e.g. 
980GF-200  is  the  200th  specimen  collected  in  1980).  A representative  collection  of  the  non-figured  Canadian 
cuticle  preparations  has  been  presented  to  the  British  Museum  (Natural  History).  Biostratigraphical  details  for 
this  coalfield  are  given  by  Zodrow  and  Cleal  (1985)  and  Zodrow  (1986). 
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text-fig.  3.  Diagrammatic  representations  of  the  principal  types  of  stomatal  apparatus  mentioned  in  this 
paper.  Subsidiary  cells  shaded  with  stippling,  and  guard  cells  marked  with  thick  black  lines. 


METHODS  AND  TERMINOLOGY 

Cuticles  were  prepared  from  the  compression  fossils  as  described  by  Barthel  (1961a,  1962).  The  compressions 
were  separated  from  the  rock  using  50%  hydrofluoric  acid,  and  then  macerated  in  Schulze  Solution  (potassium 
chlorate  dissolved  in  nitric  acid),  usually  diluted  to  30-50  % with  water.  They  were  subsequently  washed  in  5 % 
potassium  hydroxide  and  then  rinsed  in  distilled  water.  Abaxial  and  adaxial  cuticles  were  separated  using  fine 
needles,  and  then  mounted  in  glycerine  jelly,  in  which  safranm  dye  was  dissolved. 

The  prepared  cuticles  were  examined  by  optical  transmission  microscopy.  The  staining  of  the  cuticles 
allowed  unpolarized  light  to  be  used  for  some  observations,  but  in  most  cases  Nomarski  Contrast  (polarized 
phase  contrast)  improved  the  resolution.  Photographs  were  taken  using  a 35  mm  camera  attachment  to  the 
microscope,  and  drawings  made  with  a camera  lucida  attachment. 

The  terminology  outlined  by  Dilcher  (1974)  for  angiosperm  cuticles  has  been  used  here.  In  particular,  the 
classification  of  the  fully-developed  stomatal  apparatus  was  found  to  be  preferable  to  the  various  ontogenetic 
schemes  that  have  been  proposed  (e.g.  Florin  1931  ; Pant  1965)  since  such  developmental  information  is  rarely 
shown  in  fossil  leaves  (Wilkinson  in  Metcalfe  and  Chalk  1979;  Meyen  1987).  Four  main  types  of  stomatal 
apparatus  have  been  found  in  the  neuropterids,  and  are  summarized  in  text-fig.  3. 

The  style  of  taxonomic  classification  adopted  is  as  outlined  by  Cleal  (1986).  In  particular,  a rather  more 
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loosely  defined  concept  of  the  form-genus  is  used  than  that  given  in  the  International  Code  of  Botanical 
Nomenclature.  This  has  the  advantage  of  allowing  the  taxonomy  to  dictate  the  nomenclature,  rather  than  the 
other  way  round  as  is  the  case  with  the  form-genus  defined  in  the  ICBN.  An  essentially  similar  concept  of  form- 
genus  was  independently  developed  by  Visscher  et  al.  ( 1986)  in  a study  on  Palaeozoic  conifers.  Another  concept 
used  is  that  of  the  Satellite  Taxon  (Meyen  1978;  Thomas  and  Brack-Hanes  1984).  Such  a taxon  is  assigned  to 
a higher  ranking  taxon  only  if  the  evidence  allows,  and  there  is  no  necessity  to  assign  it  to  a taxon  of 
intermediate  rank.  In  the  present  study,  for  instance,  Neuropteris  is  regarded  as  a satellite  form-genus  of  the 
order  Trigonocarpales,  but  there  is  as  yet  insufficient  evidence  to  place  it  in  a particular  family. 

SYSTEMATIC  PALAEONTOLOGY 

Division  pinophyta  Meyen  (1987) 

Class  cycadopsida  Meyen  (1987) 

Order  trigonocarpales  Meyen  (1987) 

Satellite  form-genus  neuropteris  (Brongniart)  Sternberg  emend.  Zodrow  and  Cleal  (1988) 
Type  species.  Neuropteris  heterophy/la  Brongniart  emend.  Laveine  (1967). 

Remarks.  This  is  one  of  the  most  widely  reported  form-genera  from  the  Carboniferous  adpression 
floras  ( sensu  Shute  and  Cleal  1987).  The  most  comprehensive  taxonomic  analysis  is  given  by  Laveine 
( 1 967),  who  placed  particular  emphasis  on  its  frond  architecture.  Cleal  (1985)  and  Zodrow  and  Cleal 
(1988)  have  reviewed  the  available  evidence  on  frond  architecture  and  an  emended  diagnosis  was 
proposed  in  the  latter  paper.  In  summary,  this  described  the  frond  as  having  a major  dichotomy 
near  its  base,  each  resulting  branch  being  tripinnate  or  rarely  bipinnate.  Pinnae  (monopinnate  or 
bipinnate)  and/or  large,  orbicular  cyclopterid  pinnules  may  be  attached  to  the  primary  rachis  below 
the  dichotomy.  Intercalated,  usually  monopinnate  pinnae  are  attached  to  the  primary  racheis 
between  the  secondary  pinnae.  Pinnae  of  all  orders  are  terminated  by  a single  apical  pinnule. 

This  diagnosis  contains  a number  of  variable  features,  i.e.  the  degree  of  pinnation  of  the  primary 
branches,  the  division  of  the  intercalated  elements,  the  presence  or  absence  of  pinnae  below  the  main 
dichotomy,  the  presence  or  absence  of  cyclopterid  pinnules.  This  might  simply  reflect  variation 
within  a ‘natural'  form-genus  (sensu  Cleal  1986),  but  may  alternatively  indicate  that  it  is  still  an 
essentially  artificial  concept.  It  is  hoped  that  evidence  provided  by  the  cuticles  might  help  resolve 
this  problem. 

The  suprageneric  classification  of  Meyen  (1987)  is  used  here:  Neuropteris  is  included  within  the 
order  Trigonocarpales  (syn.  Medullosales  auct).  Even  before  the  pteridosperms  were  recognized  as 
gymnosperms,  the  medullosan  affinities  of  Neuropteris  had  been  suggested  by  Renault  (1876)  and 
Grand’Eury  (1877),  based  on  an  analogy  between  the  longitudinal  striae  on  their  rachides  and  the 
vascular  segments  of  Myeloxylon.  Despite  the  caution  urged  by  Stidd  (1981),  the  evidence  from 
permineralized  specimens  seems  to  support  the  assumption  (Reihman  and  Schabilion  1978;  Oestry- 
Stidd  1979;  Beeler  1982,  1983).  The  available  evidence  of  Neuropteris  fructifications  is  equivocal  on 
this  point  (Stidd  1981).  The  families  for  presumed  trigonocarpalean  foliage  proposed  by  Corsin 
(1960)  have  not  been  used  here  since  they  are  based  almost  exclusively  on  sterile  characters  and  are 
thus  of  doubtful  validity.  Instead,  Neuropteris  is  regarded  as  a satellite  form-genus  within  the  order 
Trigonocarpales. 


Neuropteris  rarinervis  Bunbury  (1847) 

Plate  97;  text-figs.  4 and  5 

1847  Neuropteris  rarinervis  Bunbury,  p.  425,  pi.  22. 

1933  Neuropteris  attenuata  Lindley  and  Hutton;  Stockmans  ( non  Lindley  and  Hutton),  p.  20,  pi.  5. 

1938  Neuropteris  rarinervis  Bunbury;  Bell,  p.  58,  pi.  52,  fig.  3;  pi.  53,  figs.  I and  2;  pi.  54,  fig.  4. 

1959  Neuropteris  rarinervis  Bunbury;  Crookall,  p.  122,  pi.  30;  pi.  31,  figs.  1-3. 

1967  Neuropteris  rarinervis  Bunbury;  Laveine,  p.  180,  pis.  40-47. 

1980a  Neuropteris  rarinervis  Bunbury;  Zodrow  and  McCandlish,  p.  45,  pis.  34-36;  pi.  37,  fig.  1. 
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text-fig.  4.  Neuropteris  rarinervis  Bunbury.  Hand-specimens  from  which  cuticles  were  prepared,  Brogan’s  Pit, 
near  Point  Aconi,  Sydney  Coalfield,  above  Lloyd  Cove  Seam,  Morien  Group  (upper  Westphalian  D).  4a, 

982GF-274;  x 1 . 4b,  982GF-275 ; x F5. 


Gross  morphology.  Pinnate  foliage  bears  small,  linguaeform  lateral  pinnules,  3-9  mm  long  and  1 -5-3-5  mm  wide 
(text-fig.  4).  The  pinnules  are  thick-limbed,  often  showing  a prominent  compression  border.  Pinnule  base  is 
semi-cordate  except  high  in  the  pinna,  and  often  has  a prominent  basiscopic  and  sometimes  an  acroscopic 
auricle.  The  auricles  are  usually  large  relative  to  the  whole  pinnule,  importing  a somewhat  undulate  margin  to 
the  pinnule.  High  in  the  pinna,  pinnules  become  more  broadly  attached  to  the  rachis  and  have  straighter  lateral 
margins.  Pinnule  apex  is  almost  invariably  broadly  round.  The  catadromic  pinnule  of  each  ultimate  pinna  is 
often  shorter  and  rounder  than  its  neighbours.  Midvein  is  prominent  and  slightly  flexuous,  extending  for  much 
of  pinnule  length.  Lateral  veins  lie  at  20-30°  to  midvein.  In  larger  pinnules  they  arch,  meeting  the  pinnule 
margin  at  70-80°;  in  smaller  pinnules  they  are  straighter  and  may  meet  pinnule  margin  at  c.  45°.  Lateral  veins 
are  thick  and  generally  fork  once  or  twice  at  a wide  angle,  producing  nervation  density  18-25  veins  per  cm  on 
pinnule  margin.  Racheis  are  longitudinally  striate.  Apical  pinnules  slender  and  somewhat  trapezoidal  in  shape. 


EXPLANATION  OF  PLATE  97 

Figs.  1-4.  Neuropteris  rarinervis  Bunbury.  Cuticles  photographed  using  Nomarski  Contrast  microscopy 
(except  Fig.  3 using  unpolarized  light),  Brogan's  Pit,  near  Point  Aconi,  Sydney  Coalfield,  above  Lloyd  Cove 
Seam,  Morien  Group  (upper  Westphalian  D),  1,  CCB/982GF-274/1 1 ; cuticle  from  adaxial  surface  of 
pinnule,  x 125.  2,  CCB/982GF-274/ 1 1 ; cuticle  from  rachis,  x 125.  3,  CCB/982GF-274/8;  general  view  of 
abaxial  cuticle  showing  bands  of  stomata  in  intercostal  fields,  x 50.  4,  CCB/982GF-274/8;  close-up  of 
stomata  from  abaxial  cuticle,  x 500. 


PLATE  97 
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text-fig.  5.  Neuropteris  rarinervis  Bunbury.  Brogan’s  Pit,  near  Point  Aconi,  Sydney  Coalfield,  above  Lloyd 
Cove  Seam,  Morien  Group  (upper  Westphalian  D).  5 a,  CCB/982GF-274/8;  general  view  of  abaxial  cuticle 
showing  distribution  and  orientation  of  stomata,  each  stomatal  polar  axis  being  represented  by  a black  line, 
x35.  5b,  c,  CCB/982GF-274/15;  close-up  of  stomatal  apparatus,  as  viewed  from  inner  surface  of  cuticle, 
x 500.  5d,  e,  CCB/982GF-274/14;  close-up  of  stomatal  apparatus,  as  viewed  from  outer  surface  of 
cuticle,  x 500.  5f,  reconstruction  of  stomatal  apparatus  prior  to  fossilization,  thick  black  lines  representing 

cutinized  surfaces. 


Epidermal  structure.  Adaxial  cuticle  appears  thick  and  brittle,  with  weakly  developed  intercellular  flanges  (PI. 
97,  fig.  1),  and  weakly  differentiated  cell  structure  between  intercostal  and  costal  fields.  The  cells  are  irregularly 
subrectangular  to  polygonal,  with  long  axes  parallel  to  veins,  up  to  300  //m  long  and  35  /nn  wide.  Intercostal 
cell  walls  are  shallowly  sinuous,  with  ‘U '-shaped  waves  (wavelength  2-3  times  amplitude).  Costal  cell  walls  are 
more  shallowly  sinuous,  with  'U ’-shaped  waves  (wavelength  3-4  times  amplitude). 

Abaxial  cuticles  are  much  thinner,  showing  little  evidence  of  epidermal  structure  (PI.  97,  fig.  3).  Some  show 
a faint  impression  of  cell  walls  in  the  costal  fields.  Costal  cells  are  elongate,  subrectangular  to  subrhomboidal, 
up  to  180  pm  long  and  25  pm  wide.  Sparsely  distributed  trichome  bases  occur  mainly  in  the  costal  fields  (only 
rarely  in  the  intercostal  fields),  20-30  pm  in  diameter  (PI.  97,  fig.  3).  Stomatal  guard  cells  occur  in  shallow 
depressions  in  the  intercostal  fields  (text-fig.  5f).  They  are  20-30  //nr  long  and  5 //nr  wide  (PI.  97,  fig.  4)  and  lie 
below  the  surface  of  the  cuticle  (text-fig.  5b-f).  Their  polar  axes  are  approximately  parallel  to  the  veins. 
Stomata  are  probably  anomocytic,  but  this  cannot  be  seen  in  the  cuticle.  Stomatal  Index  could  not  be 
determined. 

Rachial  cuticles  are  relatively  thick,  showing  elongate  subrectangular  epidermal  cells,  longitudinally 
arranged  (PI.  97,  fig.  2).  Cells  are  100  /an  long  and  15-30  /nn  wide.  No  rachial  trichome  bases  were  observed. 

Remarks.  Some  authors  (e.g.  Stockmans  1933)  have  argued  that  Neuropteris  attenuata  Lindley  and 
Hutton  should  take  precedence  over  N.  rarinervis  Bunbury,  ignoring  the  comment  by  Kidston 
(1886,  p.  102)  that  the  holotype  of  the  latter  is  in  fact  a pecopterid,  probably  allied  to  P.  bucklandii 
Brongniart  (see  also  Laveine  1967).  The  Sydney  Coalfield,  from  where  all  the  specimens  described 
in  this  paper  originated,  is  the  type  area  for  N.  rarinervis  Bunbury. 

The  cordate  base  of  the  pinnules,  the  prominent  midvein  and  non-anastomosed  lateral  veins 
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clearly  correspond  with  the  diagnosis  of  Neuropteris.  Known  details  of  the  frond  architecture  also 
support  its  inclusion  here.  The  specimens  figured  by  Carpentier  (1930,  pi.  8)  and  Laveine  (1967,  pi. 
45,  fig.  3)  show  that  the  frond  had  a dichotomy  producing  tripinnate  branches  and  large  cyclopterid 
pinnules  attached  near  the  base.  Specimens  figured  by  Laveine  ( 1967,  pi.  42,  fig.  1 ; pi.  43)  show  that 
intercalated  pinnae  were  borne  on  antepenultimate  racheis. 

Compression  fossils  of  this  species  show  the  pinnules  to  have  been  coriaceous,  which  is  reflected 
in  the  thick  and  brittle  adaxial  cuticle  (PI.  97,  fig.  1).  The  only  other  Neuropteris  frond-type  with 
such  a thick  cuticle  is  N.  ovata  var.  aconiensis  nov.  var.  On  present  evidence,  this  feature  seems  to 
have  no  taxonomic  significance. 

As  with  some  other  neuropterids  (N.  tenuifolia  Sternberg  - Barthel  1962;  N.  loshii  Brongniart 
Daber  1963),  the  abaxial  cuticle  is  too  thin  to  show  full  details  of  the  stomatal  structure,  particularly 
whether  subsidiary  cells  are  present  (PI.  97,  fig.  4).  The  only  significant  details  observed  were  that 
the  stomata  occur  in  shallow  depressions  (text-fig.  5f)  and  that  the  guard-cells  were  only  clearly 
visible  on  the  inner  surface  of  the  cuticle  (contrast  text-fig  5b,  c with  text-fig.  5d,  e).  The 
permineralized  specimens  described  by  Oestry-Stidd  (1979)  show  that  the  stomata  are  anomocytic. 
The  sinuous  walls  of  the  adaxial  cells  are  also  confirmed  by  Oestry-Stidd’s  study. 


Neuropteris  ovata  Hoffmann  in  Keferstein  (1826)  var.  simonii  (Bertrand)  comb.  nov. 

Plates  98  and  99;  text-figs.  6-8,  1 1 a 

1915  Neuropteris  ovata  Hoffmann;  Gothan,  p.  377,  pi.  32,  figs.  1-4  (cuticles). 

1925  Cyclopteris  sp.;  Florin,  p.  231,  pi.  10,  figs.  3-12  (cuticles). 

1930  Mixoneura  simoni  Bertrand,  p.  45,  pi.  29,  figs.  1-4. 

1941  Farnblatt;  Guthorl,  p.  250,  text-fig.  8 (cuticle). 

1962  Neuropteris  ovata  Hoffmann;  Barthel,  p.  24,  pis.  18  and  19;  pi.  20,  figs.  1-3,  5 (cuticles). 

1967  Neuropteris  ovata  Hoffmann;  Laveine,  p.  231,  pis.  66  and  67. 

1975  Neuropteris  ovata  Hoffmann;  Doubinger  and  Germer  (pars),  p.  5,  pi.  2,  fig.  3. 

1975  Neuropteris  pilosa  Doubinger  and  Germer,  p.  18,  pi.  7,  fig.  1. 

1975  Neuropteris  obliqua  (Brongniart);  Doubinger  and  Germer  (non  Brongniart)  (pars),  pi.  3,  fig.  2. 

1980a  Neuropteris  (Mixoneura)  ovata  Hoffmann;  Zodrow  and  McCandlish,  p.  44,  pi.  28,  fig.  3;  pis. 

29-32;  pi.  33,  fig.  I. 

1983  Neuropteris  ovata  Hoffmann;  Beeler,  p.  2360,  figs.  8,  18,  20-27. 

Gross  morphology.  Pinnate  foliage  bears  mainly  subrectangular  to  ovoid  pinnules,  with  a broadly  round  apex 
and  a non-cordate  base  (PI.  98,  figs.  1 and  2;  text-figs.  6 and  11a).  These  pinnules  are  5-15  mm  long  and 
3-10  mm  wide,  with  a mean  length : breadth  ratio  of  c.  2-0.  Rarely,  larger  subrectangular  pinnules  occur,  up  to 
20  mm  long,  probably  originating  from  intercalated  pinnae  low  in  the  frond.  Most  pinnules  show  a basiscopic 
auricle  (text-fig.  11a).  Except  in  the  largest  pinnules,  the  midvein  is  strongly  decurrent,  extends  for  only  half 
or  less  of  the  pinnule  length.  Vein  density  averages  35-43  veins  per  cm  on  the  pinnule  margin.  The  pinnae  have 
a relatively  small,  ovoid  apical  pinnule,  usually  5-14  mm  long. 

Epidermal  structure.  Adaxial  epidermal  structure  is  differentiated  between  intercostal  and  costal  fields. 
Intercostal  cells  are  subrectangular  to  polygonal,  with  long  axes  parallel  to  veins,  30-80  pm  long  and  20- 
45  pm  wide  (PI.  99,  fig.  2).  Cell  walls  are  markedly  sinuous  (wave-length  twice  amplitude),  with  ‘U’  or  ‘D' 
shaped  waves.  Costal  cells  are  more  consistently  subrectangular  and  elongate,  up  to  200 /mi  long  and  15 
25  /mi  wide  (PI.  99,  fig.  1).  Along  narrower  veins,  cell  walls  are  sinuous,  as  in  intercostal  cells;  but  are  straighter 
along  broader  veins.  No  trichomes  are  present. 

Abaxial  epidermal  structure  is  differentiated  between  intercostal  and  costal  fields  (text-fig.  7a).  Intercostal 
cells  are  irregularly  polygonal  with  gently  curved  walls,  30-120  pm  in  size  (PI.  99,  fig.  4;  text-fig.  7a,  b).  Costal 
cells  are  more  subrectangular  and  elongate,  up  to  250  pm  long  and  10-25  pm  wide.  Trichomes  occur  on  costal 
fields  and  near  pinnule  margin  (text-fig.  7a).  In  larger  pinnules,  trichomes  also  occur  on  intercostal  fields. 
Trichomes  are  multicellular  files,  each  cell  c.  40  pm  long,  with  no  marked  constriction  at  nodes.  The  most 
complete  trichome  fragments  found  are  550  /mi  long  and  30  /mi  wide.  Stomata  are  distributed  throughout 
intercostal  fields,  with  polar  axes  approximately  parallel  to  veins  (text-fig.  8a)  and  occur  in  shallow  depressions 
on  the  cuticle  (text-fig.  8f).  Guard  cells  are  15-30  /mi  long  and  2-5  /mi  wide  and  lie  below  the  surface  of  the 
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text-fig.  6.  Neuropteris  ovata  var.  simonii  (Bertrand).  979GF-230.  Prince  Mine,  Sydney  Mines,  Sydney 
Coalfield,  Morien  group  (exact  horizon  not  recorded),  Westphalian  D,  x L5. 


cuticle  (text-fig.  8f).  Stomata  are  often  anomocytic  (PI.  99,  fig.  4),  but  there  is  sometimes  a pair  of  weakly 
differentiated,  lateral  subsidiary  cells  in  a brachyparacytic  arrangement  (text-fig.  7c).  Stomatal  Index  varies 
from  30  to  35. 

Rachial  cuticles  are  relatively  brittle,  showing  isodiametric,  subrectangular  epidermal  cells  in  longitudinal 
rows  (text-fig.  7d).  Cells  are  30-100  /nn  in  size,  depending  on  size  of  rachis.  Trichome  bases  are  present  near 
where  the  pinnules  are  attached,  20-40  /rm  in  diameter. 

Remarks.  Crookall  (1959),  Wagner  (1963)  and  Laveine  (1967)  have  extensively  discussed  the 
taxonomy  of  N.  ovata  Hoffmann.  The  form  and  nervation  of  the  pinnules  appear  to  correspond 
essentially  to  that  of  Neuropteris.  Specimens  described  by  Zodrow  and  Cleal  (1988)  indicated  that 
its  frond  had  the  characteristic  basal  dichotomy  producing  tripinnate  branches,  with  intercalated 
pinnae  on  the  antepenultimate  racheis.  The  only  apparent  discrepancy  is  the  absence  of  large 


EXPLANATION  OF  PLATE  98 

Figs.  1 and  2.  Neuropteris  ovata  var.  simonii  (Bertrand).  1 , C/4723 ; fragment  of  typical  ultimate  pinna  with  small 
apical  pinnule,  Gottelborn  Colliery,  near  Friedrichsthal,  Saarland,  Obere  Kohlbach  Seam,  Fleiligenwald 
Formation,  lower  Westphalian  D,  x 3.  2,  982GF-405 ; Point  Aconi,  Sydney  Coalfield,  about  1 m above  Point 
Aconi  Seam,  Morien  Group  (lower  Cantabrian),  x 1. 


PLATE  98 
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cyclopterid  pinnules  attached  directly  to  the  main  rachis  near  the  base  of  the  frond,  and  their 
replacement  by  short  pinnae  bearing  fimbriate  pinnules. 

Cuticles  similar  to  those  found  in  this  study  have  been  previously  described  by  Gothan  (1915), 
Florin  (1925),  Guthorl  (1941)  and  Barthel  (1962),  based  on  specimens  from  Saarland.  The  present 
study  has  revealed  similar  material  from  the  Sydney  Coalfield.  It  is  widely  assumed  that  it  is  the 
epidermal  pattern  of  typical  N.  ovata  Hoffmann,  but  the  types  of  that  species  (from  the  Piesberg 
Coalfield,  Germany  - Hoffman  in  Keferstein  1826;  Saltwedel  1968,  1969)  are  of  too  high  a rank  of 
coalification  for  the  preservation  of  cuticles. 

The  type  N.  ovata  Hoffmann,  as  re-described  by  Saltzwedel  (1968,  1969),  differs  in  several  gross- 
morphological  features  from  these  Saarland  and  Sydney  specimens.  In  particular,  the  type  N.  ovata 
Hoffmann  has  a higher  vein  density  along  the  pinnule  margin  (mean  c.  50  veins  per  cm)  and  a lower 
length : breadth  ratio  (c.  1 -6).  The  apical  pinnules  also  tend  to  be  larger,  being  rarely  less  than  1 5 mm 
long. 

Saltzwedel  (1968)  assigned  all  N.  ovata  Hoffmann  specimens  from  the  Westphalian  of  Saarland 
to  var.  sarana.  It  is  shown  below  that  N.  ovata  var.  sarana  should  be  restricted  to  the  specimens  from 
the  upper  Westphalian  D of  Saarland.  We  instead  use  the  name  N.  ovata  var.  simonii  for  the  lower 
and  middle  Westphalian  D specimens,  based  on  a comparison  with  the  gross  morphology  of  the 
types  of  Mixoneura  simonii  Bertrand  (Bertrand  1930;  Laveine  1967)  from  Nord-Pas-de-Calais 
coalfields.  Saltwedel  argued  that  these  Nord-Pas-de-Calais  specimens  were  indistinguishable  from 
the  N.  ovata  Hoffmann  var.  ovata ; but  this  does  not  accord  with  our  observations.  Measurements 
taken  from  the  Nord-Pas-de-Calais  specimens  showed  a mean  nervation  density  of  c.  36  veins  per 
cm,  a mean  pinnule  length : breadth  ratio  of  c.  1-9  and  an  apical  pinnule  length  rarely  greater  than 
15  mm.  These  characters  clearly  lie  much  nearer  to  the  specimens  described  here  than  to  the  types 
of  N.  ovata  Hoffmann  var.  ovata , but  it  must  be  recognized  that  the  Nord-Pas-de-Calais  specimens 
are  unsuitable  for  cuticle  preparations,  and  it  is  thus  impossible  to  confirm  this  assumption  based 
on  epidermal  characters. 

We  have  assigned  these  variations  on  the  ovata  theme  to  separate  varieties  rather  than  species. 
The  differences  in  gross  morphology  are  relatively  minor  and  epidermal  structures  are  the  only 
reliable  means  of  distinguishing  the  variants.  In  this  particular  case,  simonii  has  not  previously  been 
used  at  the  rank  of  variety,  nor  has  it  ever  been  included  within  the  form-genus  Neuropteris  (Bertrand 
(1930)  referred  to  it  as  Mixoneura  simonii).  The  new  combination  of  N.  ovata  var.  simonii  (Bertrand) 
is  thus  proposed  here. 

The  epidermal  structures  described  by  Beeler  (1983)  from  permineralized  specimens  have  many 
features  in  common  with  N.  ovata  var.  simonii  (Bertrand).  In  particular,  the  adaxial  cells  walls  are 
sinuous,  and  the  stomata  are  anomocytic  and  orientated  approximately  (but  not  consistently) 
parallel  to  veins.  The  only  apparent  difference  is  the  absence  of  trichomes  in  the  permineralized 
specimens,  but  this  may  be  a taphonomic  effect.  This  similarity  is  of  interest  because  Beeler’s 
material  originated  from  an  horizon  high  in  the  Conemaughian  ’Series’,  which  is  probably  near  the 
Stephanian  A-Stephanian  B boundary  in  the  west  European  chronostratigraphy  (Phillips  1981). 
This  is  a higher  horizon  than  usually  yields  N.  ovata  Hoffmann,  although  Wagner  (1984)  has  shown 


EXPLANATION  OF  PLATE  99 

Figs.  1-4.  Neuropteris  ovata  var.  simonii  (Bertrand).  Cuticles  photographed  using  Nomarski  Contrast 
microscopy.  1,  V. 62923;  cuticle  from  adaxial  surface  of  pinnule  showing  cells  with  sinuous  walls,  Itzenplitz 
Colliery,  near  Friedrichsthal,  Saarland,  Kallenberg  Seam,  Luiscnthal  Formation,  lower  Westphalian  D, 
x 250.  2,  CCB/982GF-405/6;  cuticle  from  adaxial  surface  of  pinnule.  Point  Aconi,  Sydney  Coalfield,  about 
I nr  above  Point  Aconi  Seam,  Morien  Group  (lower  Cantabrian),  x 250.  3,  CCB/979GF-230/3;  cuticle 
from  abaxial  surface  of  pinnule.  Prince  Mine,  Sydney  Mines,  Sydney  Coalfield,  Morien  Group  (exact 
horizon  not  recorded),  Westphalian  D,  x 250.  4,  CCB/979GF-230/1 ; cuticle  from  abaxial  surface  of 
pinnule,  showing  both  stomata  and  trichome  base.  Prince  Mine,  Sydney  Mines,  Sydney  Coalfield,  Morien 
Group  (exact  horizon  not  recorded),  Westphalian  D,  x 250. 
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text-fig.  7.  Neuropteris  ovata  var.  simonii  (Bertrand).  Cuticles  photographed  using  Nomarski  Contrast 
microscopy,  all  specimens  from  Itzenplitz  Colliery,  near  Friedrichsthal,  Saarland,  Kallenberg  Seam,  Luisenthal 
Formation,  lower  Westphalian  D,  except  7d,  from  Prince  Mine,  Sydney  Mines,  Sydney  Coalfield,  Morien 
Group  (exact  horizon  not  recorded)  Westphalian  D.  7a,  V. 62925;  cuticle  from  abaxial  surface  of  pinnule 
showing  intercostal  field  and  two  costal  fields,  x 250.  7b,  V. 62924;  cuticle  from  abaxial  surface  of  pinnule, 
x 250.  7c,  V. 62925;  close-up  of  stomata,  x 500.  7d,  CCB/979GF-230/4;  cuticle  from  rachis,  x250. 
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text-fig.  8.  Neuropteris  ovata  var.  simonii  (Bertrand),  Itzenplitz  Colliery,  near  Friedrichsthal,  Saarland, 
Kallenberg  Seam,  Luisenthal  Formation,  lower  Westphalian  D.  8a,  V. 62924;  general  view  of  abaxial  cuticle 
showing  distribution  and  orientation  of  stomata,  each  stomatal  polar  axis  being  represented  by  a black  line, 
x 35.  8b,  c,  V. 62925;  close-up  of  stomatal  apparatus,  as  viewed  from  inner  surface  of  cuticle,  x 500.  8d,  e, 
V.62924;  close-up  of  stomatal  apparatus,  as  viewed  from  outer  surface  of  cuticle,  x 500.  8f,  reconstruction  of 
stomatal  apparatus  prior  to  fossilization,  thick  black  lines  representing  cutinized  surfaces. 


it  rarely  to  range  up  into  the  upper  Stephanian.  G.  Rothwell  (pers.  comm.,  1987)  believes  that  they 
may  belong  to  a different  species  from  the  Westphalian  compression  specimens  described  here,  since 
no  evidence  of  a basal  dichotomy  of  the  frond  was  found.  This  feature  is  only  very  rarely  preserved 
and  its  absence  in  the  permineralizations  may  just  be  a function  of  preservation. 

The  distinctive  epidermal  features  of  N.  ovata  var.  simonii  (Bertrand)  are  the  strongly  sinuous 
adaxial  cells  (PI.  99,  figs.  1 and  2),  the  anomocytic  (rarely  brachyparacytic)  stomata  distributed  over 
the  entire  abaxial  intercostal  fields  (PI.  99,  figs.  3 and  4;  text-figs.  7a,  b and  8),  and  the  occurrence 
of  multicellular  files  on  both  the  costal  and  intercostal  abaxial  fields  (PI.  99,  fig.  4;  text-fig.  7b).  The 
prominent  intercellular  flanges  on  the  abaxial  cuticle  separate  this  species  from  the  more  " typical ' 
neuropterids,  where  they  are  absent  or  only  weakly  developed  (e.g.  N.  tenuifolia  Sternberg  - Barthel 
1962;  N.  loshii  Brongniart  - Daber  1963;  N.  rarinervis  Bunbury  - this  study).  Cuticles  derived  from 
cyclopteroid  pinnules,  associated  with  pinnate  N.  ovata  var.  simonii  (Bertrand)  foliage,  show 
identical  epidermal  characters  (Florin  1925,  pi.  10,  figs.  3-12).  This  is  in  marked  contrast  to  the 
amphistomatic  cyclopterids  associated  with  N.  tenuifolia  Sternberg,  whose  epidermal  characters  are 
quite  different  from  that  of  the  pinnate  foliage  (Florin  1925,  pi.  8,  figs.  1-8,  1 1-12;  pi.  9,  figs.  1-6). 


Neuropteris  ovata  Floffmann  in  Keferstein  (1826)  var.  sarana  (Bertrand)  comb.  nov. 

Plate  100;  text-figs.  9 and  10 
1926  Mixoneura  ovata  var.  sarana  Bertrand,  p.  386. 

1930  Mixoneura  sarana  Bertrand  (pars),  p.  36,  pis  19  and  20;  pi.  20  bis,  figs.  1-3;  pi.  21. 

1974  Neuropteris  ovata  Hoffmann;  de  Jong,  p.  65,  pi  24,  fig.  2;  pi.  26,  figs.  1 and  2. 

1975  Neuropteris  ovata  Hoffman;  Doubinger  and  Germer,  (pars),  p.  5,  pi.  1,  figs.  3 and  4;  pi.  2,  figs. 
1 and  2. 

1975  Mixoneura  polyneura  Doubinger  and  Germer,  p 18,  pi.  7,  fig.  3. 
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text-fig.  9.  Neuropteris  ovata  var.  sarana  (Bertrand).  C/5409.  Fragments  of  typical  pinnae  showing  larger  apical 
pinnules  than  in  var.  simonii , Kohlwald  Colliery,  near  Neunkirchen,  Saarland,  Huyssen  Seam,  Heiligenwald 

Formation,  upper  Westphalian  D,  x 3 


Gross  morphology.  Pinnate  foliage  bears  mainly  subrectangular  to  ovoid  pinnules,  with  a broadly  round  apex 
and  a non-cordate  base  (text-fig.  9).  Such  pinnules  are  5-15  mm  long  and  3-10  mm  wide,  with  a mean 
length : breadth  ratio  of  1-9.  Rarely,  larger  subrectangular  pinnules  occur,  up  to  20  mm  long,  probably 
originating  from  intercalated  pinnae  low  in  the  frond.  Most  pinnules  show  a basiscopic  auricle.  Except  in  the 
largest  pinnules,  the  midvein  is  strongly  decurrent,  and  extends  for  only  half  or  less  of  the  pinnule  length. 
Nervation  density  averages  c.  40  veins  per  cm  on  the  pinnule  margin.  The  ultimate  pinnae  have  a relatively 
large,  subrhomboidal  apical  pinnule,  usually  5-40  mm  long. 

Epidermal  structure.  Adaxial  epidermal  structure  is  differentiated  between  intercostal  and  costal  fields. 
Intercostal  cells  are  subrectangular  to  polygonal,  with  long  axes  parallel  to  veins,  60-120  pm  and  30-60  pm 
wide  (PI.  100,  fig.  1).  Cell  walls  are  markedly  sinuous  (wave-length  twice  amplitude),  with  ‘U’  or  ‘Q’  shaped 
waves.  Costal  cells  are  more  consistently  subrectangular  and  elongate,  up  to  200  pm  long  and  20-30  pm  wide 
(PL  100,  fig.  2).  Along  narrower  veins,  cell  walls  are  sinuous,  as  in  intercostal  cells;  but  are  straighter  along 
broader  veins.  No  trichomes  are  present. 

Abaxial  epidermal  structure  is  differentiated  between  intercostal  and  costal  fields.  Intercostal  cells  are 
irregularly  polygonal  with  gently  curved  walls,  30-75  pm  in  size  (PI.  100,  fig.  3).  Costal  cells  are  more 
subrectangular  and  elongate,  up  to  150  //m  long  and  20-30  /mi  wide  (PI.  100,  fig.  3).  Trichome  bases  50  pm  in 
diameter  occur  on  costal  fields  (PI.  100,  fig.  3),  but  no  actual  trichomes  were  found.  Stomata  (PI.  100,  fig.  4) 
occur  in  narrow  bands  between  the  veins,  with  polar  axes  approximately  parallel  to  veins  (text-fig.  10a).  Guard 
cells  are  18-30  pm  long  and  3-6  /mi  wide,  and  slightly  raised  above  pinnule  surface  (text-fig.  10d).  The  stomata 


EXPLANATION  OF  PLATE  100 

Figs.  1-4.  Neuropteris  ovata  var.  sarana  (Bertrand).  Cuticles  photographed  using  Nomarski  Contrast 
microscopy,  Kohlwald  Colliery,  near  Neunkirchen,  Saarland,  Huyssen  Seam,  Heiligenwald  Formation, 
upper  Westphalian  D.  1,  V. 62938;  cuticle  from  adaxial  surface  of  pinnule  showing  intercostal  field,  x 250. 
2,  V. 62938;  cuticle  from  adaxial  surface  of  pinnule  showing  costal  field,  x 250.  3,  V. 62939;  cuticle  from 
abaxial  surface  showing  trichomes,  and  a row  of  stomata  along  intercostal  field,  x 250.  4,  V. 62937;  close- 
up  of  stomatal  apparatus,  x 500. 
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text-fig.  10.  Newopteris  ovata  var.  sarana  (Bertrand).  Kolilwald  Colliery,  near  Neunkirchen,  Saarland, 
Huyssen  Seam,  Heiligenwald  Formation,  upper  Westphalian  D.  10a,  V. 62937;  general  view  of  abaxial  cuticle 
showing  distribution  and  orientation  of  stomata,  each  stomatal  polar  axis  being  represented  by  a black  line, 
x35.  10b,  c,  V. 62937;  close-up  of  stomatal  apparatus,  as  viewed  from  inner  surface  of  cuticle,  x 500.  10d, 
reconstruction  of  stomatal  apparatus  prior  to  fossilization,  thick  black  lines  representing  cutinized  surfaces. 

are  rarely  anomocytic,  but  more  commonly  brachyparacytic,  with  weakly  differentiated  subsidiary  cells. 
Stomatal  Index  varies  from  25  to  30. 

Rachial  cuticles  are  relatively  brittle,  showing  isodiametric,  subrectangular  epidermal  cells  in  longitudinal 
rows.  Cells  are  20-70  /an  in  size,  depending  on  size  of  rachis.  Trichome  bases  are  c.  25  pm  in  diameter,  and 
are  distributed  over  the  rachial  surface.  The  rachial  trichomes  are  gently  tapered  multicellular  files,  divided  into 
60-130  /mi  long  segments.  No  complete  rachial  trichome  was  found,  the  largest  fragment  being  400  /mi  long. 

Remarks.  In  Saarland,  N.  ovata- type  fronds  have  a slightly  different  morphology  in  the  upper 
Heiligenwald  Formation,  with  distinctly  larger,  more  rhomboidal  apical  pinnules  (Cleal  19846,  p. 
337).  Examples  of  such  specimens  have  been  figured  by  Doubinger  and  Germer  (1975).  We  assign 
them  to  N.  ovata  var.  sarana  Bertrand  for  two  reasons.  First,  the  type  specimens  originated  from 
a similarly  high  stratigraphical  horizon  in  the  Saar-Lorraine  Coalfield  (Bertrand  1930);  and  second, 
these  types  show  similarly  large  apical  pinnules.  Saltzwedel  (1968)  argued  that  N.  ovata  var.  sarana 
occurred  throughout  the  Westphalian  D of  Saar-Lorraine,  but  it  is  significant  that  most  of  the 
specimens  examined  by  him  from  this  coalfield  came  from  the  upper  part  of  the  stage.  Both  gross 
morphology  and  epidermal  structure  suggest  that  two  varieties  occur  here:  N.  ovata  var.  simonii  in 
the  lower  and  middle  Westphalian  D,  and  N.  ovata  var.  sarana  in  the  upper  Westphalian  D. 

The  most  obvious  difference  in  epidermal  structure  between  these  specimens  and  N.  ovata  var. 
simonii  (Bertrand)  is  that  the  stomata  occur  in  single  file  along  the  middle  of  the  intercostal  fields 
(compare  text-fig.  10a  with  text-fig.  8a  respectively).  The  structure  of  the  stomatal  apparatus  is 
essentially  similar  in  the  two  varieties,  except  that  the  subsidiary  cells  are  rather  more  strongly 
developed  and  the  guard  cells  are  slightly  raised  above  the  cuticle  surface  in  N.  ovata  var.  sarana 
(compare  text-fig.  10d  with  text-fig.  8f). 

Newopteris  ovata  Hoffmann  in  Keferstein  1826,  var.  aconiensis  var.  nov. 

Plate  101 ; text-figs.  11b  and  12 

Gross  morphology.  Pinnate  foliage  bears  mainly  subrectangular  to  ovoid  pinnules,  with  a broadly  round  apex 
and  a non-cordate  base  (text-fig.  11b).  Such  pinnules  are  5-15  mm  long  and  3-10  mm  wide,  and  have  a 
basiscopic  auricle.  The  midvein  is  strongly  decurrent,  and  extends  for  only  half  or  less  of  the  pinnule  length. 
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text-fig.  11a,  Neuropteris  ovata  var.  simonii  (Bertrand).  977GF-126.  Private  drift  mine  1 km  west  of  Steele’s 
Road,  Glace  Bay,  Sydney  Coalfield,  Emery  Seam,  Morien  group  (middle  Westphalian  D),  x 3.  11b. 
Neuropteris  ovata  var.  aconiensis  var.  nov.  985GF-236.  Point  Aconi,  Sydney  Coalfield,  Point  Aconi  Seam, 

Morien  Group  (lower  Cantabrian),  x 3. 

The  nervation  density  averages  c.  40  veins  per  cm  on  the  pinnule  margin.  The  pinnae  have  a relatively  small, 
ovoid  apical  pinnule,  usually  5-12  mm  long. 

Epidermal  structure.  Adaxial  cuticle  is  thick  and  brittle  compared  with  that  on  the  abaxial  surface.  Adaxial 
epidermal  structure  is  weakly  differentiated  between  intercostal  and  costal  fields  (PI.  101,  fig.  1).  The  cells  are 
irregularly  polygonal  with  straight  walls,  20-60  pm  in  size  (PI.  101,  fig.  2).  No  trichomes  are  present. 

Abaxial  epidermal  structure  is  strongly  differentiated  between  intercostal  and  costal  fields  (PI.  101,  fig.  3). 
Intercostal  cells  are  irregularly  polygonal  with  gently  curved  walls,  20-60  pm  in  size  (PI.  101,  fig.  3).  Costal  cells 
are  more  subrectangular  and  elongate,  up  to  200  pm  long  and  15M0/mn  wide  (PI.  101,  fig.  3).  Small 
anomocyctic  stomata  occur  throughout  intercostal  fields,  with  polar  axes  approximately  parallel  to  veins  (text- 
fig.  12).  Slightly  sunken  guard  cells  are  10-20  pm  long  and  3 pm  wide  (PI.  101,  figs.  4 and  5;  text-fig.  12d). 
Stomatal  Index  varies  from  17  to  19. 

Remarks.  These  cuticles  were  prepared  from  a Point  Aconi  specimen,  which  seemed  indistinguish- 
able in  gross  morphology  from  N.  ovata  var.  simonii  (Bertrand),  but  had  quite  a distinct 
epidermal  structure.  To  check  that  the  discrepancy  was  not  due  to  contamination,  a second  set  of 
cuticles  was  prepared  from  the  same  specimen,  but  this  confirmed  the  original  results.  N.  ovata  var. 
simonii  (Bertrand)  and  N.  ovata  var.  aconiensis  var.  nov.  have  several  features  in  common, 
particularly  the  distribution  of  cells  on  the  abaxial  surface.  Clear  differences  exist  such  as  the  thicker 
adaxial  cuticle,  the  non-liexuous  adaxial  cell  walls,  the  smaller  stomata,  lower  Stomatal  Index  and 
the  existence  of  papillae.  The  structures  seen  in  this  Point  Aconi  specimen  may  reflect  xeromorphic 
adaptations,  but  the  features  used  by  Schabilion  and  Reihman  (1985)  to  recognize  sun-leaves  (e.g. 
higher  stomatal  density)  were  not  found. 
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Since  it  is  indistinguishable  from  N.  ovata  var.  simonii  (Bertrand)  using  gross  morphology,  but 
has  a clearly  different  epidermal  structure,  we  propose  to  place  it  in  a new  variety,  named  N.  ovata 
var.  aconiensis , after  the  locality  from  where  it  originated. 

Neuropteris  flexuosa  Sternberg  (1825) 

Plates  102  and  103;  text-figs.  13  and  14 

1823  Osmunda  gigantea  var.  fi  Sternberg,  p.  36,  p.  39,  pi.  32,  fig.  2. 

1825  Neuropteris  flexuosa  Sternberg,  p.  xvi. 

1933  Neuropteris  tenuifolia  Sternberg;  Stockmans  (pars),  p.  14,  pi.  4,  fig.  3. 

1938  Neuropteris  (Mixoneura)  flexuosa  Sternberg;  Bell,  p.  55,  pi.  46,  figs.  6 and  7;  pi.  47,  figs.  1-4;  pi. 

48,  figs.  1 and  2. 

1959  Neuropteris  ovata  Hoffmann  forma  flexuosa  Sternberg;  Crookall,  p.  158,  pi.  37,  figs.  1-3;  pi. 

38,  figs.  1-3;  pi.  49,  figs.  5-6;  pi.  50,  figs.  3-5. 

1 980 <7  Neuropteris  (Mixoneura)  flexuosa  Sternberg;  Zodrow  and  McCandlish  (pars),  p.  40,  pi.  22,  fig. 

2;  pis.  23  and  24. 

19806  Neuropteris  (Mixoneura)  flexuosa  Sternberg;  Zodrow  and  McCandlish,  p.  57,  pis.  1—4. 

Gross  morphology.  Pinnate  foliage  bears  relatively  large,  sub-oblong  lateral  pinnules,  1 -2-2-5  cm  long  and  0-5- 
0-8  cm  wide  (text-fig.  1 3).  Pinnule  apex  is  round  or  bluntly  acuminate.  Pinnules  are  constricted  at  the  base,  usually 
non-cordate  and  basiscopically  auriculate,  except  towards  the  pinna  apex  where  they  become  broadly  attached 
to  the  rachis.  The  midvein  is  thick,  often  basally  decurrent  in  smaller  pinnules,  less  so  in  larger  pinnules.  In  fully 
developed  pinnules,  the  midvein  extends  for  up  to  three-quarters  of  the  pinnule  length,  but  less  in  smaller 
pinnules.  Lateral  veins  are  attached  to  midvein  at  low  angle,  but  then  broadly  arch  to  meet  pinnule  margin  at 
nearly  right-angles.  Lateral  veins  fork  2-\  times,  and  sometimes  appear  slightly  flexuous.  Nervation  density  is 
32-40  veins  per  cm  on  pinnule  margin.  Ultimate  racheis  are  coarsely  striate,  up  to  2-5  mm  wide.  Apical 
pinnules  are  large  and  trapezoidal,  up  to  2 cm  or  more  long  and  1—1-5  cm  wide  (text-fig.  13a). 

Epidermal  structure.  Adaxial  epidermal  structure  is  differentiated  between  intercostal  and  costal  fields  (PI. 
102,  fig.  1).  Intercostal  cells  are  irregularly  polygonal,  with  long  axes  parallel  to  veins,  up  to  200  pm  long  and 
50  /im  wide  (PI.  102,  fig.  3).  Cell  walls  are  broadly  curved.  Costal  cells  are  more  consistently  subrectangular 
and  elongate  with  straighter  walls,  up  to  200  pm  long  and  25  pm  wide.  No  adaxial  irichomes  were  found. 

Abaxial  epidermal  structure  is  differentiated  between  intercostal  and  costal  fields  (PI.  103,  fig.  1).  Intercostal 
cells  are  irregularly  polygonal  with  gently  curved  walls,  up  to  100  pm  in  size  (PI.  103,  fig.  2).  Costal  cells  are 
more  subrectangular  and  elongate,  up  to  150  /mi  long  and  25  pm  wide  (PI.  103,  fig.  1).  Small  papillae  oecur 
in  the  centre  of  most  abaxial  cells  (PI.  103,  fig.  3).  Papillae  are  conoidal  with  a broadly  round  apex,  c.  20  pm 
wide  at  base  and  10-20  /mi  high.  Larger  tricornes  occur  on  the  costal  fields  (PI.  103,  fig.  I)  and  near  pinnule 
margin  (PI.  102,  fig.  4).  In  larger  pinnules,  trichomes  also  occur  on  intercostal  fields.  These  larger  trichomes 
are  multicellular  files,  each  cell  c.  80  pm  long,  with  a weak  constriction  at  nodes.  Most  complete  fragments  of 
the  multicellular  files  found  are  500  pm  long  and  50  pm  wide.  Anomocyctic  stomata  are  distributed  throughout 
intercostal  fields,  with  polar  axes  approximately  parallel  to  veins  (text-fig.  14a).  Slightly  sunken  guard  cells  are 
20-25  pm  long  and  5 //m  wide  (PI.  103,  fig.  4;  text-fig.  14b-f).  The  papilla  on  each  neighbouring  cell 
surrounding  the  stomata  occurs  near  the  guard  cells  and  tends  to  over-arch  the  pore.  Stomatal  Index  varies 
from  15  to  18. 

Rachial  cuticles  are  relatively  thick,  showing  isodiametric,  subrectangular  epidermal  cells  in  longitudinal 


EXPLANATION  OF  PLATE  101 

Figs.  1-5.  Neuropteris  ovata  var.  aconiensis  var.  nov.  Cuticles  photographed  using  Nomarski  Contrast 
microscopy  (except  Figs.  1 and  3,  using  unpolarized  light).  Point  Aconi,  Sydney  Coalfield,  Point  Aconi 
Seam,  Morien  Group  (lower  Cantabrian).  1,  CCB/985GF-236/9;  cuticle  from  adaxial  surface  of  pinnule, 
x 125.  2,  CCB/985GF-236/9;  close  up  of  cuticle  from  adaxial  surface  of  pinnule,  x 250.  3,  CCB/985GF- 
236/12;  cuticle  from  abaxial  surface  of  pinnule,  x 50.  4,  CCB/985GF-236/12;  close-up  of  stomata  from 
abaxial  surface  of  pinnule,  x 500.  5,  CCB/985GF-236/10;  close-up  of  stomata  from  abaxial  surface  of 
pinnule,  x 500. 
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text-fig.  12.  Neuropteris  ovata  var.  aconiensis  var.  nov.  Point  Aconi,  Sydney  Coalfield,  Point  Aconi  Seam, 
Morien  Group  (lower  Cantabrian).  12a,  CCB/985GF-236/10;  general  view  of  abaxial  cuticle  showing 
distribution  and  orientation  of  stomata,  each  stomatal  polar  axis  being  represented  by  a black  line,  x 35.  12b, 
c,  CCB/985GF-236/14;  close-up  of  stomatal  apparatus,  as  viewed  from  inner  surface  of  cuticle,  x 500.  12d, 
reconstruction  of  stomatal  apparatus  prior  to  fossilization,  thick  black  lines  representing  cutinized  surfaces. 


rows  (PI.  102,  fig.  2).  Cells  are  20-50  /rm  in  size,  depending  on  size  of  rachis.  Trichome  bases  are  c.  60  pm  in 
diameter  and  sparsely  distributed  along  the  rachis,  but  no  trichomes  were  found. 

Remarks.  It  has  been  argued  that  N.flexuosa  Sternberg  is  closely  related  to  N.  ovata  Hofifman  (e.g. 
Crookall  1959).  This  is  supported  by  the  epidermal  structures.  The  prominently  developed 
intercellular  flanges  on  the  abaxial  cuticle,  the  anomocytic  structure  of  the  stomatal  apparatus  and 
their  restriction  to  the  abaxial  intercostal  fields,  and  the  presence  of  multicellular  files  mainly  in  the 
abaxial  costal  fields  are  features  shared  by  both  species.  However,  N.  flexuosa  Sternberg  has  several 
quite  marked  differences,  particularly  the  presence  of  papillae  on  the  abaxial  surface,  and  the 
absence  of  strongly  sinuous  cell  walls  on  the  adaxial  surface. 

The  epidermal  evidence  clearly  rules  out  the  suggestion  of  Stockmans  (1933)  that  N.  flexuosa 
Sternberg  is  a form  of  N.  tenuifolia  Sternberg.  Barthel  (1962)  has  shown  that  the  latter  has  a very 
thin  abaxial  cuticle  with  much  more  slender  multicellular  trichomes  and  no  evidence  of  papillae.  The 
epidermal  evidence  also  rules  out  de  Jong's  (1974)  suggestion,  that  N.  macrophylla  Brongniart 
(described  below)  is  a heterotypic  synonym  of  N.  flexuosa  Sternberg. 


EXPLANATION  OF  PLATE  102 

Figs.  1-4.  Neuropteris  flexuosa  Sternberg.  Cuticles  photographed  using  Nomarski  Contrast  microscopy  (except 
Figs.  1 and  2 using  unpolarized  light).  1,  CCB/977GF-267/2;  cuticle  from  adaxial  surface  of  pinnule,  Prince 
Mine,  Point  Aconi,  Sydney  Coalfield,  5-25  cm  above  Hub  Seam,  Morien  Group  (upper  Westphalian  D), 
x 50.  2,  CCB/981GF-354/2;  cuticle  from  rachis,  Brogan’s  Pit,  near  Point  Aconi,  Sydney  Coalfield,  c.  8 m 
above  Lloyd  Cove  Seam,  Morien  Group,  (upper  Westphalian  D),  x 50.  3,  CCB/977GF-267/2;  close-up  of 
cuticle  from  adaxial  surface  of  pinnule.  Prince  Mine,  Point  Aconi,  Sydney  Coalfield,  5-25  cm  above  Hub 
Seam,  Morien  Group  (upper  Westphalian  D),  x 125.  4,  CCB/977GF-267/3,  cuticle  from  edge  of  abaxial 
surface  of  pinnule  showing  numerous  trichome  bases.  Prince  Mine,  Point  Aconi,  Sydney  Coalfield,  5-25  cm 
above  Hub  Seam,  Morien  Group  (upper  Westphalian  D),  x 125. 
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text-fig.  13.  Neuropteris  fiexuosa  Sternberg.  13a,  981GF-353;  Brogan’s  Pit,  near  Point  Aconi,  Sydney 
Coalfield,  c.  8 m above  Lloyd  Cove  Seam,  Morien  Group,  (upper  Westphalian  D),  x3.  13b,  981GF-354; 
Brogan’s  Pit,  near  Point  Aconi,  Sydney  Coalfield,  c.  8 m above  Lloyd  Cove  Seam,  Morien  Group,  (upper 
Westphalian  D),  x 3.  13c,  977GF-268;  Prince  Mine,  Point  Aconi,  Sydney  Coalfield,  5-25  cm  above  Hub  Seam, 

Morien  Group  (upper  Westphalian  D),  x 3. 


Neuropteris  macrophylla  Brongniart  (1831) 


Plates  104  and  105;  text-figs.  15  and  16 


1831  Neuropteris  macrophylla  Brongniart,  p.  235,  pi.  65,  figs.  1,1a 

1858  Neuropteris  Clarksoni  Lesquereux  in  Rogers,  p.  857,  pi.  6,  figs.  1—4. 

1879  Neuropteris  Clarksoni  Lesquereux;  Lesquereux,  p.  94,  pi.  9,  figs.  1-6. 

1938  Neuropteris  macrophylla  Brongniart;  Bell,  p.  60,  pi.  54,  fig.  5;  pi.  55,  figs.  2-4. 

1959  Neuropteris  macrophylla  Brongniart;  Crookall,  p.  176,  pi.  38,  fig.  4;  pi.  39,  fig.  I ; pi.  40,  figs.  1-3; 

pi.  42,  figs.  1 and  3. 
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text-fig.  14.  Neuropteris  flexuosa  Sternberg.  Brogan’s  Pit,  near  Point  Aconi,  Sydney  Coalfield,  c.  8 m above 
Lloyd  Cove  Seam,  Morien  Group,  (upper  Westphalian  D).  14 A,  CCB/981GF-353/3;  general  view  of  abaxial 
cuticle  showing  distribution  and  orientation  of  stomata,  each  stomatai  polar  axis  being  represented  by  a black 
line,  x 35.  14b,  CCB/981GF-353/6;  close-up  of  stomatai  apparatus,  as  viewed  from  inner  surface  of  cuticle, 
x 500.  14c,  CCB/981GF-353/3;  close-up  of  stomatai  apparatus,  as  viewed  from  inner  surface  of  cuticle, 
x 500.  I4d,  e,  CCB/981GF-354/8;  close-up  of  stomatai  apparatus,  as  viewed  from  outer  surface  of  cuticle, 
x 500.  14f,  reconstruction  of  stomatai  apparatus  prior  to  fossilization,  thick  black  lines  representing  cutinized 

surfaces. 


1980a  Neuropteris  macrophylla  Brongniart;  Zodrow  and  McCandlish,  p.  43,  pi.  43,  fig.  2. 

1987  Neuropteris  macrophylla  Brongniart;  Shute  and  Cleal,  p.  555,  fig.  2 (rachial  cuticle). 

Gross  morphology.  Pinnate  foliage  bears  large,  mainly  subtriangular  to  sublanceolate  pinnules  up  to  6-5  cm 
long  (text-fig.  15).  Smaller  pinnules  are  more  consistently  subtriangular,  with  somewhat  barrelled  lateral 
margins.  Except  high  in  the  pinna,  pinnules  have  a strongly  cordate  base,  with  a very  prominent  basiscopic 
auricle.  This  auricle  is  often  strongly  developed,  giving  the  pinnule  a markedly  asymmetrical  aspect.  The 
pinnules  high  in  the  pinna  are  usually  more  broadly  attached  to  the  rachis.  The  larger  pinnules  usually  have 
an  acuminate  apex,  the  smaller  pinnules  sometimes  a more  round  one.  Midvein  is  thick  and  only  slightly 
decurrent  at  base,  extending  for  half  to  three  quarters  of  pinnule  length.  Lateral  veins  lie  at  an  acute  angle  to 
midvein,  arch  slightly  and  meet  the  pinnule  margin  at  60-80°.  They  fork  up  6 times  at  a low  angle,  providing 
a nervation  density  of  34-40  veins  per  cm  on  pinnule  margin.  Fine  punctae  are  often  visible  on  veins  and 
intercostal  areas,  probably  due  to  abaxial  epidermal  papillae  (see  below).  Racheis  are  longitudinally  striate  and 
sometimes  show  fine  punctae.  Apical  pinnules  of  the  pinnae  are  approximately  lanceolate,  often  with  an 
undulate  margin. 

Epidermal  structure.  Adaxial  epidermal  structure  is  differentiated  between  intercostal  and  costal  fields  (PI.  104, 
fig.  1 ).  Over  most  of  the  surface,  cells  are  subrectangular  to  polygonal,  fairly  isodiametric,  40-60  /mi  in  size. 
Along  the  midvein,  cells  are  more  consistently  subrectangular  and  elongate,  up  to  160  //m  long  and  50  //m  wide. 
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text-fig.  15.  Neuropteris  macrophylla  Brongniart.  982GF-229.  Brogan’s  Pit,  near  Point  Aconi,  Sydney 
Coalfield,  c.  8 m above  Lloyd  Cove  Seam,  Morien  Group,  (upper  Westphalian  D),  x 1. 


Abaxial  cuticles  are  extremely  thin  and  easily  crumpled,  but  nevertheless  preserve  the  impression  of  the 
epidermal  cells.  Abaxial  epidermal  structure  is  differentiated  between  intercostal  and  costal  fields  (PI.  104,  fig. 
3).  Intercostal  cells  are  irregularly  polygonal  with  gently  curved  walls,  40-60  pm  in  size  (PI.  104,  fig.  3).  Costal 
cells  are  more  subrectangular  and  elongate,  up  to  140  /an  long  and  15-30  pm  wide.  A single  papilla  occurs  in 
the  centre  of  most  abaxial  cells,  generally  seen  as  a darkened  spot  on  the  cuticle,  c.  10  pm  in  diameter  (PI.  104, 
fig.  5).  In  slightly  undermacerated  specimens,  the  papillae  can  be  seen  to  conoidal  with  a broadly  rounded  apex, 
c.  10  pm  high  (PI.  105,  fig.  2).  Larger  trichome  bases,  30-40  /im  in  diameter,  also  occur  on  both  the  costal  and 
intercostal  fields.  Trichomes  are  multicellular  files,  each  cell  c.  50  pm  long  (PL  104,  fig.  4).  The  most  complete 
trichome  fragments  found  are  c.  140  pm  long  and  30  /rm  wide.  Brachyparacytic  stomata  are  distributed 
throughout  intercostal  fields,  with  polar  axes  approximately  parallel  to  veins  (text-fig.  16a).  Sunken  guard  cells 
are  20-25  pm  long  and  3-4  pm  wide  (PL  105,  figs.  3 and  4;  text-fig.  16b-d).  Subsidiary  cells  are  slightly  raised 
above  the  surrounding  cells  (PL  105,  figs.  3 and  4).  The  number  of  subsidiary  cells  may  vary  from  two  to  four. 
Stomatal  Index  varies  from  9 to  11. 


EXPLANATION  OF  PLATE  103 

Figs.  1-4.  Neuropteris  flexuosa  Sternberg.  Cuticles  photographed  using  Nomarski  Contrast  microscopy  (except 
Fig.  1 using  unpolarized  light).  1,  CCB/981GF-354/8;  abaxial  cuticle,  Brogan’s  Pit,  near  Point  Aconi, 
Sydney  Coalfield,  c.  8 m above  Lloyd  Cove  Seam,  Morien  Group,  (upper  Westphalian  D),  x 50.  2, 
CCB/977GF-268/3 ; close-up  of  abaxial  cuticle  showing  stomata.  Prince  Mine,  Point  Aconi,  Sydney 
Coalfield,  5-25  cm  above  Hub  Seam,  Morien  Group  (upper  Westphalian  D),  x 125.  3,  CCB/981GF-353/6; 
close-up  of  costal  field  showing  papillae,  Brogan’s  Pit,  near  Point  Aconi,  Sydney  Coalfield,  c.  8 m above 
Lloyd  Cove  Seam,  Morien  Group,  (upper  Westphalian  D),  x 250.  4,  CCB/981GF-353/6;  close-up  of 
sunken  stomata  with  papillate  guard  cells,  Brogan’s  Pit,  near  Point  Aconi,  Sydney  Coalfield,  c.  8 m above 
Lloyd  Cove  Seam,  Morien  Group,  (upper  Westphalian  D),  x 250. 
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text-fig.  1 6.  Neuropteris  macrophylla  Brongniart.  Brogan’s  Pit  near  Point  Aconi,  Sydney  Coalfield,  c.  8 m 
above  Lloyd  Cove  Seam,  Morien  Group,  (upper  Westphalian  D)  16a,  CCB/982GF-229/4;  general  view  of 
abaxial  cuticle  showing  distribution  and  orientation  of  stomata,  each  stomatal  polar  axis  being  represented  by 
a black  line,  x 35.  16b,  CCB/982GF-229/13;  close-up  of  stomatal  apparatus,  as  viewed  from  outer  surface  of 
cuticle,  with  subsidiary  cells  stippled,  x 500.  16c,  CCB/982GF-229/7,  close-up  of  stomatal  apparatus,  as 
viewed  from  outer  surface  of  cuticle,  with  subsidiary  cells  stippled,  x 500.  16d,  reconstruction  of  stomatal 
apparatus  prior  to  fossilization,  thick  black  lines  representing  cutinized  surfaces. 

Rachial  cuticles  are  relatively  brittle,  showing  subrectangular  to  subrhomboidal  epidermal  cells  in 
longitudinal  rows  (PI.  104,  fig.  2).  The  cells  are  40-60  pm  long  and  30 — 40  pm  wide,  and  often  have  a weakly 
developed  papilla.  Trichome  bases  are  present  near  where  pinnules  are  attached,  and  are  30-40  pm  in  diameter. 

Remarks.  This  species  occurs  abundantly  in  the  Westphalian  D of  eastern  North  America  and  the 
British  Isles,  but  appears  absent  from  the  rest  of  Europe,  including  Saarland.  There  has  been  some 
debate  as  to  its  correct  name.  Kidston  (1887)  pointed  out  that  N.  clarksonii  Lesquereux  was 
probably  a synonym  of  N.  macrophylla  Brongniart,  and  several  authors  have  argued  that 
Brongniart’s  illustrations  are  inaccurate  and  misleading  (e.g.  Bell  1938).  At  that  early  date,  however, 
a species  of  fossil  plant  may  be  considered  validly  published  with  no  illustration  at  all  (ICBN  Article 
38),  and  is  certainly  not  invalidated  by  an  inaccurate  illustration.  The  practical  difficulties  which 
might  have  arisen  because  of  the  poor  illustration  have  been  eliminated  by  Crookall  (1959,  pi.  42, 
figs.  1 and  la)  who  published  a photograph  of  the  holotype. 


EXPLANATION  OF  PLATE  104 

Figs.  1-5.  Neuropteris  macrophylla  Brongniart.  Cuticles  photographed  using  Nomarski  Contrast  microscopy 
(except  Figs.  1 and  3,  using  unpolarized  light),  all  specimens  from  Brogan’s  Pit,  near  Point  Aconi,  Sydney 
Coalfield,  c.  8 m above  Lloyd  Cove  Seam,  Morien  Group,  (upper  Westphalian  D),  except  Fig.  1,  from  Point 
Aconi,  Sydney  Coalfield,  Point  Aconi  Seam,  Morien  Group  (lower  Cantabrian).  1,  CCB/984GF-267/1 ; 
general  view  of  adaxial  cuticle,  x 125.  2,  CCB/982GF-229/6;  cuticle  from  rachis,  x 250.  3,  CCB/982GF- 
229/1;  abaxial  cuticle,  x 125.  4,  CCB/982GF-229/4;  broken  trichomes  from  abaxial  cuticle,  x 250.  5, 
CCB/982GF-229/4,  more  weakly  developed  papillae,  x250. 
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In  N.  macrophylla  Brongniart,  the  lateral  and  terminal  pinnules  have  most  of  the  characteristic 
features  of  Neuropteris.  However,  the  architecture  of  the  frond  appears  somewhat  different.  The 
largest  frond  fragments  to  be  illustrated  in  the  literature  (e.g.  Crookall  1959,  pi.  40,  fig.  1 ; pi.  42, 
fig.  3)  suggest  that  the  frond  consisted  of  bipinnate  branches,  presumably  produced  by  a basal 
dichotomy,  with  intercalated  pinnules  on  the  primary  racheis.  This  contrasts  with  the  tripinnate 
structure  with  intercalated  pinnae  on  the  primary  rachides  of  most  other  neuropterid  fronds. 
However,  the  taxonomic  significance  of  this  difference  is  presently  uncertain. 

This  species  has  a different  epidermal  structure  from  the  neuropterid  species  already  discussed  in 
this  paper.  It  differs  in  the  relative  uniformity  of  the  adaxial  cells,  except  along  the  midvein,  and  the 
presence  of  prominent  stomatal  subsidiary  cells.  The  closest  comparison  is  with  N.  scheuchzeri 
Hoffmann,  Neuropteris  britannica  (Gutbier)  and  N.  subauriculata  Sterzel,  which  also  have  a more 
uniform  adaxial  cell  structure,  and  stomata  with  subsidiary  cells  (Barthel  1961  b , 1962;  this  study). 
The  N.  britannica  (Gutbier)  and  N.  subauriculata  Sterzel  stomata  appear  to  be  cyclocytic,  but  some 
seem  to  show  a preferential  thickening  of  the  lateral  subsidiaries  giving  them  a brachyparacytic 
appearance  (Barthel  1962,  pi.  22,  fig.  2;  pi.  24,  fig.  7).  There  is  also  an  interesting  similarity  in  frond 
architecture  between  these  species.  As  with  N.  macrophylla  Brongniart,  N.  scheuchzeri  Hoffmann 
has  bipinnate  branches  produced  by  the  basal  dichotomy  and  intercalated  pinnules  on  the  primary 
racheis  (see  discussion  on  next  taxon).  Daber  (1955),  described  N.  britannica  (Gutbier)  as  also 
having  a bipinnate  structure.  The  evidence  on  which  this  is  based  is  unclear,  unless  it  is  the  specimen 
shown  by  Daber  (1957,  pi.  5,  fig.  1),  which  is  purported  to  be  a dichotomous  frond  fragment  with 
bipinnate  branches.  Little  is  known  of  the  frond  architecture  of  N.  subauriculata  Sterzel,  but  it  had 
large  pinnules  (Daber  1955,  pi.  19,  fig.  2;  pi.  25,  fig.  4)  comparable  to  those  of  N.  macrophylla 
Brongniart  and  N.  scheuchzeri  Hoffmann. 

Neuropteris  scheuchzeri  Hoffmann  in  Keferstein  1826 
Plate  106;  text-figs.  17  and  18 

1826  Neuropteris  Scheuchzeri  Hoffmann  in  Keferstein,  p.  157,  pi.  lb,  figs.  1-4. 

1832  Odontopteris  obtusa  Brongniart;  Lindley  and  Hutton  ( non  Brongniart),  pi.  40. 

1833  Odontopteris  Lindleyana  Sternberg,  p.  78 

1847  Odontopteris  subcuneata  Bunbury,  p.  427,  pi.  23,  figs.  1A,  IB. 

1915  Neuropteris  Scheuchzeri  Hoffmann;  Gothan,  p.  379,  pi.  32,  figs.  5-8  (cuticles). 

1930  Neuropteris  Scheuchzeri  Hoffmann;  Bertrand,  p.  24,  pis.  9-12. 

1938  Neuropteris  Scheuchzeri  Hoffmann;  Bell,  p.  57,  pi.  50,  figs.  3 and  4;  pi.  51,  figs.  1-5;  pi.  52,  figs. 

1 and  2. 

1938  Odontopteris  subcuneata  Bunbury;  Bell,  pp.  58,  62,  pi.  57,  figs.  1-8;  pi.  58,  figs.  1-3. 

1959  Neuropteris  Scheuchzeri  Hoffmann;  Crookall,  p.  178,  pi.  41,  figs.  1 and  2;  pi.  42,  figs.  4-7;  pi. 

57,  figs.  1,  2,  5. 

19616  Neuropteris  scheuchzeri  Hoffmann;  Barthel,  p.  829,  pi.  2;  pi.  3,  figs.  1-5  (cuticles). 

1967  Neuropteris  scheuchzeri  Hoffmann;  Laveine,  p.  237,  pis.  68  and  69. 

1980a  Neuropteris  scheuchzeri  Hoffmann;  Zodrow  and  McCandlish,  p.  47,  pi.  37,  figs.  2 and  3;  pis. 

38-42;  pi.  43,  fig.  1. 

1982  Neuropteris  scheuchzeri  Hoffmann;  Laveine  and  Brousmiche,  p.  244,  pi.  1,  figs.  2 and  3. 

1983  Neuropteris  scheuchzeri  Hoffmann;  Beeler,  p.  2361,  figs.  28-37. 

1985  Neuropteris  scheuchzeri  Hoffmann;  Schabilion  and  Reihman,  p.  3,  figs.  1-29. 


EXPLANATION  OF  PLATE  105 

Figs.  1-4.  Neuropteris  macrophylla  Brongniart.  Cuticles  from  abaxial  surface  of  pinnule  photographed  using 
Nomarski  Contrast  microscopy,  Brogan’s  Pit,  near  Point  Aconi,  Sydney  Coalfield,  c.  8 m above  Lloyd  Cove 
Seam,  Morien  Group,  (upper  Westphalian  D).  1,  CCB/982GF-229/1 ; x 250.  2,  CCB/983GF-257/5; 
prominently  developed  papillae,  x 250.  3-4.  CCB/982GF-229/13;  close-ups  of  stomata  focused  at  different 
levels,  showing  raised  subsidiary  cells,  x 500. 
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text-fig.  17.  Neuropteris  scheuchzeri  Hoffmann.  17a,  980GF-588;  ultimate  pinna  terminal,  Brogan's  Pit,  near 
Point  Aconi,  Sydney  Coalfield,  c.  8 m above  Lloyd  Cove  Seam,  Morien  Group,  (upper  Westphalian  D),  x 1 . 
17b,  985GF-245;  isolated  lateral  pinnule.  Point  Aconi,  Sydney  Coalfield,  Point  Aconi  Seam,  Morien  Group 

(lower  Cantabrian),  xl. 


Gross  morphology.  Pinnate  foliage  bears  large,  lanceolate  pinnules  < 90  mm  long  and  25  mm  wide,  with  an 
acuminate  or  slightly  rounded  apex  (text-fig.  17).  Pinnule  bases  are  normally  cordate,  or  with  an  unequally 
developed  pair  of  rounded  lobes  (or  ‘pinnules')  attached  near  base.  Pinnules  are  usually  entire-margined,  but 
sometimes  become  laciniate  (the  ‘ Odontopteris  lindleyana  form).  A prominent  midvein  extends  for  most  of 
pinnule  length.  Dense  lateral  veins  are  attached  at  a low  angle  to  the  midvein,  arch  broadly,  and  meet  the 
pinnule  margin  at  70-80°.  Lateral  veins  fork  3-5  times.  Pinnule  surface  is  often  covered  by  numerous  adpressed 
hairs,  10-1  -5  mm  long.  Over  most  of  the  pinnule,  the  hairs  appear  orientated  towards  the  pinnule  apex.  Only 
near  the  pinnule  base  do  the  hairs  seem  orientated  towards  the  pinnule  lateral  margins.  Apical  pinnules  are 
large  and  lanceolate  (text-fig.  17a). 


EXPLANATION  OF  PLATE  106 

Figs.  1-5.  Neuropteris  scheuchzeri  Hoffmann.  Cuticles  photographed  using  Nomarski  Contrast  microscopy,  all 
specimens  from  Brogan's  Pit,  near  Point  Aconi,  Sydney  Coalfield,  c.  8 m above  Lloyd  Cove  Seam,  Morien 
Group,  (upper  Westphalian  D),  except  Fig.  1,  from  Point  Aconi,  Sydney  Coalfield,  Point  Aconi  Seam, 
Morien  Group  (lower  Cantabrian).  1,  CCB/985GF-245/8;  cuticle  from  adaxial  surface  of  pinnule,  x 125. 
2,  CCB/985GF-245/12;  cuticle  from  abaxial  surface  of  pinnule,  x 125.  3,  CCB/980GF-588/7;  slightly 
under-macerated  cuticle  from  abaxial  surface  of  pinnule,  x 125.  4,  CCB/985GF-245/14;  close  up  of  stomata 
on  abaxial  surface  of  pinnule,  x 500.  5,  CCB/985GF-245/12;  close  up  of  stomata  on  abaxial  surface  of 
cuticle,  x 500. 
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text-fig.  18.  Neuropteris  scheuchzeri  Hoffmann.  18a,  c from  Point  Aconi,  Sydney  Coalfield,  Point  Aconi 
Seam,  Morien  Group  (lower  Cantabrian),  18b,  d from  Brogan’s  Pit,  near  Point  Aconi,  Sydney  Coalfield,  c. 
8 m above  Lloyd  Cove  Seam,  Morien  Group,  (upper  Westphalian  D).  18a,  CCB/980GF-588/7;  general  view  of 
abaxial  cuticle  showing  distribution  and  orientation  of  stomata,  each  stomatal  polar  axis  being  represented  by 
a black  line,  x 35.  18b,  CCB/985GF-245/14;  close-up  of  stomatal  apparatus,  as  viewed  from  the  outer  surface 
of  cuticle,  x 500.  18c,  CCB/980GF-588/7;  close-up  of  stomatal  apparatus,  as  viewed  from  outer  surface  of 
cuticle,  x 500.  18d,  CCB/985GF-245/8,  close-up  of  stomatal  apparatus,  as  viewed  from  inner  surface  of 
cuticle,  x 500.  18e,  reconstruction  of  stomatal  apparatus  prior  to  fossilization,  thick  black  lines  representing 

cutinized  surfaces. 


Epidermal  structure.  Adaxial  epidermal  structure  is  weakly  differentiated  between  intercostal  and  costal  fields 
(PI.  106,  fig.  1).  Cells  are  irregularly  polygonal,  up  to  220  //nr  and  60  /an  wide,  and  sometimes  with  broadly 
sinuous  margins.  Trichomes  are  restricted  to  area  near  midvein.  Trichome  bases  vary  in  diameter  from  20- 
60  pm.  Only  short  stumps  of  these  trichomes,  up  to  150  pm  long,  are  still  attached  to  the  cuticle  and  show  no 
cellular  detail. 

Abaxial  epidermal  structure  is  differentiated  between  intercostal  and  costal  fields  (PI.  106,  fig.  2).  Intercostal 
cell  are  irregularly  polygonal,  40-60  /an  in  size,  have  gently  curved  walls.  Costal  cells  are  more  subrectangular 
and  elongate,  up  to  200  pm  long  and  10—30  pm  wide.  The  abaxial  cuticle  is  densely  covered  with  trichome 
bases,  which  vary  considerably  in  diameter  from  10  to  45  pm  (PI.  106,  figs.  2 and  3).  These  bases  occur  on  both 
intercostal  and  costal  fields,  but  the  larger  ones  tend  to  be  concentrated  on  the  latter.  The  trichomes  themselves 
were  not  seen.  Stomata  are  densely  distributed  throughout  intercostal  fields,  with  polar  axes  showing  a random 
orientation  (text-fig.  18a).  Guard  cells  are  25  pm  long  and  4 pm  wide,  and  lie  in  a deep  stomatal  pit  (text-fig. 
1 8b— e).  Subsidiary  cells  are  brachyparacytic  (PI.  106,  figs.  4 and  5).  Stomatal  Index  varies  from  9 to  14. 

Remarks.  The  taxonomy  of  this  species  is  fairly  straightforward,  and  has  been  adequately  discussed 
by  Crookall  (1959)  and  Laveine  (1967).  A recently  reported  specimen  indicates  that  the  frond 
consisted  of  two  bipinnate  branches  produced  by  a dichotomy  near  the  base  (Laveine  and 
Brousmiche  1982,  pi.  1,  fig.  3),  whilst  the  large  specimen  figured  by  Bertrand  (1930,  pi.  9)  shows  that 
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there  were  intercalated  pinnules  on  the  primary  racheis.  This  structure  differs  from  that  seen  in  most 
neuropterid  species,  in  which  the  primary  branches  produced  by  the  basal  dichotomy  were 
tripinnate,  and  the  intercalated  elements  on  the  primary  branches  were  pinnate.  Consequently, 
Laveine  (1967)  has  interpreted  N.  scheuchzeri  Hoffmann  as  being  a retarded  form  of  the  typical 
neuropterid  frond. 

Another  unusual  aspect  of  the  N.  scheuchzeri  Hoffmann  frond  is  the  presence  of  laciniate 
pinnules,  which,  in  the  early  literature,  were  referred  to  as  Odontopteris  lindleyana  Sternberg  and  O. 
subcuneata  Bunbury.  Bode  (1958)  compared  them  with  the  aphlebia  (or  stipules  - Hill  and  Camus 
1986,  p.  238)  of  many  marattialean  ferns,  but  there  is  no  evidence  that  they  fulfilled  a similar 
functional  role.  Laveine  (1967)  correctly  argued  that  they  were  probably  attached  near  the  base  of 
the  frond.  In  analogy,  similar  fimbriate  pinnules  have  been  reported  from  what  is  probably  near  the 
base  of  the  Neuropteris  obliqua  (Brongniart)  frond  (Stockmans  1933,  pi.  12,  fig.  2;  Laveine  1967,  pi. 
54,  fig.  1). 

As  remarked  by  Barthel  (19616),  it  is  difficult  to  prepare  good  cuticles  from  this  species, 
particularly  from  the  abaxial  surface.  The  cuticle  is  not  particularly  thin,  but  can  be  very  difficult  to 
clear  (e.g.  PI.  106,  fig.  3).  However,  a few  of  the  cuticles  prepared  during  this  study  have  shown  the 
stomatal  structure,  in  particular  the  presence  of  a pair  of  lateral  subsidiary  cells  (PI.  106,  figs.  4 and 
5).  Barthel  (1961  b)  does  not  regard  these  as  true  subsidiary  cells  and,  indeed,  they  are  not  thickened 
or  raised  above  the  pinnule  surface  as  in  N.  macrophylla  Brongniart.  However,  a pair  of  cells  does 
seem  to  occur  consistently  in  a lateral  position  and  so  we  interpret  them  as  subsidiaries. 

The  epidermal  structures  described  for  this  species  by  Barthel  (19616),  based  on  specimens  from 
the  Westphalian  C of  Saarland,  appear  identical  to  those  seen  in  the  Canadian  specimens.  He  stated 
that  there  is  little  differentiation  between  the  costal  and  intercostal  cells  on  the  adaxial  surface.  We 
acknowledge  that  the  differentiation  is  not  particularly  strong,  but  it  is  there  (PI.  106,  fig.  1)  and  can 
also  be  recognized  in  the  Saarland  specimens  (Barthel  1961  6,  pi.  2,  fig.  7;  pi.  3,  fig.  2).  We  can  find 
no  features  which  clearly  differentiate  the  Saarland  and  Canadian  specimens. 

This  apparent  identity  in  epidermal  structure  is  of  interest  since  there  are  minor  gross- 
morphological  differences  between  specimens  from  the  two  areas.  The  most  obvious  difference  is  the 
abundance  of  the  laciniate  (Odontopteris  lindleyana-iype)  pinnules  in  the  Canadian  assemblages, 
and  its  virtual  absence  in  the  Saarland  specimens.  The  significance  of  this  difference  has  never  been 
properly  determined,  but  is  not  reflected  in  the  epidermal  evidence. 

There  also  seems  to  be  a close  similarity  with  the  epidermal  structures  described  from 
permineralized  specimens  (Beeler  1983;  Schabilion  and  Reihman  1985).  In  particular,  a 
brachyparacytic  stomatal  configuration  seems  to  be  indicated  by  Beeler  (1983,  fig.  37).  No  evidence 
has  been  found,  either  by  Barthel  (1961  6)  or  us,  of  the  overhanging  papillae  around  the  stomata 
reported  by  Schabilion  and  Reihman  (1985).  Their  presence  is  mainly  supported  by  fig.  27  in 
Schabilion  and  Reihman’s  paper,  which  shows  a deep  stomatal  pit  and  what  appear  to  be 
overhanging  protrusions  from  the  surrounding  cells.  However,  they  do  not  appear  to  be  particularly 
noticeable  around  the  stomata  shown  in  their  fig.  29  and  we  wonder  if  the  structures  visible  in  their 
other  specimen  may  be  a function  of  preservation. 

Based  on  epidermal  evidence,  N.  scheuchzeri  Hoffmann  appears  to  be  most  closely  related  to 
N.  macrophylla  Brongniart,  N.  subauriculata  Sterzel  and  N.  britannica  (Gutbier).  The  weak 
differentiation  of  the  adaxial  costal  and  intercostal  cells,  the  brachyparacytic  arrangement  of  the 
subsidiary  cells  and  the  low  (relative  to  the  other  neuropterid  species)  Stomatal  Index  support  this. 
As  already  discussed,  there  are  also  similarities  in  frond  architecture  between  these  four  species. 


DISCUSSION 


Taxonomy 

Cuticles  from  17  imparipinnate  neuropterids  have  now  been  described  in  the  literature.  Of  these, 
N.  planchardii  Zeiller  and  N.  cordata  Brongniart  clearly  stand  out  from  the  rest,  being  amphistomatic 


Table  1.  Principal  cuticular  features  of  Groups  I and  II  Neuropteris  species.  Based  on  this  study,  and  data  from  Barthel  (1962),  Daber  (1963), 

Saltzwedel  (1968),  Oestry-Stidd  (1979)  and  Cleal  (1985) 
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Table  2.  Principal  cuticular  features  of  Groups  III  and  IV  Neuropteris  species.  Based  on  this  study,  and  data 

from  Barthel  (1961/7,  1962,  1976) 


N.  scheuchzeri 

N.  macrophylla 

Group  III 
N.  britannica 

N.  subauriculata 

N.  sp.  a 

N.  sp.  b 

Group  IV 
N.  neuropteroides 

Form  ol  rachial  cells 

? 

Slightly  elongate 

i 

? 

? 

? 

Isodiamteric 

Maximum  dimensions 
ol  rachial  cells  (pm) 

? 

60  x 40 

? 

? 

? 

? 

? 

Diameter  of  trichome 
bases  on  rachis  (pm) 

? 

30-40 

? 

? 

? 

? 

None  present 

Distribution  of  cells 
in  adaxial  epidermis 

Uniform 

Different 
along  midvein 

Different 
along  midvein 

Uniform 

Uniform 

Different  in 
costal  fields 

Uniform 

Adaxial  cell  walls 
sinuous? 

No 

No 

No 

No 

No 

No 

No 

Maximum  size  of  adaxial 
intercostal  cells  (pm) 

220  x 60 

60  x 60 

70  x 40 

100  x 20 

45  x 20 

80  x 60 

100  x 20 

Maximum  size  of  adaxial 
costal  cells  (pm) 

220  x 60 

60  x 60 

70  x 40 

100  x 20 

45  x 20 

60  x 15 

100  x 20 

Adaxial  papillae 

None 

None 

None 

Present 

None 

None 

Near  midvein 

Adaxial  multicellular 
files 

Only  near 
midvein 

None 

Only  near 
midvein 

Rare 

None 

None 

None 

Diameter  of  adaxial 
trichome  bases  (pm) 

20-60 

25-35 

20-25 

- 

- 

Abaxial  cells  visible? 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Maximum  size  of  abaxial 
intercostal  cells  (pm) 

60  x 60 

60  x 60 

50  x 50 

65  x 35 

45  x 18 

40  x 40 

25  x 25 

Maximum  size  of  abaxial 
costal  cells  (pm) 

200  x 30 

140  x 30 

140  x 15 

80  x 30 

200  x 18 

80  x 12 

25  x 25 

Abaxial  papillae 

None 

Present 

None 

Present 

None 

Present 

Present 

Abaxial  multicellular 
files 

Present 

Present 

Rare 

Present 

None 

None 

None 

Diameter  of  abaxial 
trichome  bases  (pm) 

20-60 

30-40 

15-20 

20-25 

Structure  of 
stomata 

brachyparacytic 

brachyparacytic 

brachyparacytic/ 

cyclocytic 

brachyparacytic/ 

cyclocytic 

brachyparacytic/ 

cyclocytic 

brachyparacytic/ 

cyclocytic 

amphicyclocytic 

Orientation  of 

Random 

Parallel 

Parallel 

Parallel 

Parallel 

Parallel 

Parallel 

stomata 

to  veins 

to  veins 

to  veins 

to  veins 

to  veins 

to  veins 

Stomatal  density 
(per  mm') 

90 

65 

130 

91 

180 

180 

? 

Stomatal  Index 

9-14 

9-11 

? 

7 

? 

? 

? 

Guard  cell  length  (pm) 

25 

20-25 

18-25 

20-30 

25-35 

20-25 

17-22 

(Reichel  and  Barthel  1964;  Barthel  1976),  No  other  form-species  of  trigonocarpalean  frond  is 
known  to  be  amphistomatic,  and  it  is  a character  more  usually  associated  with  another  order  of  late 
Palaeozoic  pteridosperms,  the  Peltaspermales  (Townrow  1960;  Barthel  1962;  Barthel  and  Haubold 
1980;  Kerp  1986). 

The  principal  epidermal  characters  of  the  remaining  15  species  and  varieties  are  summarized  in 
Tables  1 and  2.  There  are  many  points  of  similarity  between  them:  they  are  all  hypostomatic;  the 
stomata  have  a relatively  simple  arrangement  of  subsidiary  cells,  if  any  at  all;  and  the  trichomes  are 
either  simple  papillae  or  multicellular  files  without  glandular  tips.  It  is  possible  to  subdivide  the 
group  using  other  epidermal  features  (the  so-called  N.  heterophylla  Brongniart  of  Wills  (1914)  is 
omitted  from  this  analysis  because  of  doubt  as  to  its  true  identity). 

Group  I:  Adaxial  epidermal  cells  weakly  differentiated  between  costal  and  intercostal  fields. 

Virtually  no  cell  structure  visible  on  abaxial  cuticle,  other  than  guard  cells.  Stomata  probably 

anomocytic.  Trichomes  absent  or  very  rare. 

N.  loshii  Brongniart  (Daber  1963) 

N.  tenuifolia  Sternberg  (Barthel  1962) 

N.  rarinervis  Bunbury  (This  study) 

This  appears  to  be  the  group  of  neuropterids  whose  frond  had  a basal  dichotomy  producing 
tripinnate  branches,  with  intercalated  pinnae  on  the  antepenultimate  racheis  and  orbicular 
cyclopterids  near  the  frond  base  (e.g.  von  Roehl  1868,  pi.  17,  Laveine  1967,  pi.  45,  fig.  3). 
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Group  II : Adaxial  epidermal  cells  strongly  differentiated  between  costal  and  intercostal  fields.  Cell 
structure  clearly  visible  on  abaxial  cuticle,  and  strongly  differentiated  between  costal  and 
intercostal  fields.  Stomata  anomocytic,  or  brachyparacytic  with  non-thickened  subsidiary  cells. 
Numerous  trichomes  on  abaxial  surface  only,  either  papillae  and/or  multicellular  files. 

N.  ovata  var.  simonii  (Bertrand)  (This  study) 

N.  ovata  var.  sarana  (Bertrand)  (This  study) 

N.  ovata  var.  aconiensis  var.  nov.  (This  study) 

N.  flexuosa  Sternberg  (This  study) 

N.  schaeferi  Doubinger  and  Germer  (Saltzwedel  1968) 

This  appears  to  correspond  to  the  form-genus  Mixoneura  Bertrand,  1930  (non  Weiss  1870).  The 
frond  architecture  is  similar  to  that  of  the  Group  I species  except  that,  instead  of  orbicular 
cyclopterids,  there  are  pinnae  bearing  fimbriate  pinnules  at  the  base  of  the  frond  (Zodrow  and  Cleal 
1988). 

Group  III : Adaxial  epidermal  cells  weakly  differentiated  between  costal  and  intercostal  fields 
(except  along  midvein).  Cell  structure  clearly  visible  on  abaxial  cuticle,  and  strongly  differentiated 
between  costal  and  intercostal  fields.  Stomata  brachyparacytic,  rarely  cyclocytic,  with  thickened 
or  non-thickened  subsidiary  cells.  On  adaxial  cuticle,  multicellular  file  trichomes  absent  or 
restricted  to  midvein.  Numerous  trichomes  on  abaxial  surface,  both  multicellular  files  and 
sometimes  papillae. 

N.  scheuchzeri  Hoffmann  (This  study) 

N.  macrophylla  Brongniart  (This  study) 

N.  britannica  (Gutbier)  (Barthel  1962) 

N.  subauriculata  Sterzel  (Barthel  1962) 

N.  sp.  a (Barthel  1962) 

N.  sp.  P (Barthel  1962) 

This  group  consists,  at  least  in  part,  of  species  with  retarded  fronds  (sensu  Laveine  1967).  The  first 
two  species  have  essentially  bipinnate  branches  produced  by  a basal  dichotomy,  and  rather  large 
lateral  pinnules  (Crookall  1959;  Laveine  1967).  N.  britannica  (Gutbier)  is  also  reported  to  have  a 
bipinnately  divided  frond  (Daber  1955,  1957).  N.  subauriculata  Sterzel  has  large  pinnules  within  its 
frond,  but  full  details  of  the  frond  architecture  are  unknown  (Daber  1955).  Details  of  the  frond  of 
Barthel’s  N.  sp.  a and  N.  sp.  (3  are  unknown. 

Group  IV:  Adaxial  epidermal  cells  weakly  differentiated  between  costal  and  intercostal  fields.  Cell 
structure  clearly  visible  on  abaxial  cuticle,  and  weakly  differentiated  between  costal  and 
intercostal  fields.  Stomata  amphicyclocytic.  Multicellular  file  trichomes  absent,  but  strongly 
developed  papillae  occur  on  abaxial  surface. 

N.  neuropteroides  (Goppert)  (Barthel  1962) 

This  species  is  strikingly  similar  to  N.  ovata  Hoffmann,  and  Zalessky  (1909)  argued  that  the  two  are 
conspecific.  Corsin  (in  Pruvost  and  Corsin  1949)  instead  suggested  that  N.  neuropteroides  (Goppert) 
is  the  Permian  descendant  of  N.  ovata  Hoffmann.  Support  for  Corsin's  view  was  given  by  Wagner 
and  Lemos  de  Sousa  (1983),  who  reported  an  apparently  intermediate  species  (N.  pseudovata 
Gothan  and  Sze)  from  the  lower  Stephanian  C of  Portugal.  Known  details  of  the  N.  neuropteroides 
(Goppert)  frond  architecture  (Barthel  1976;  Setlik  1980)  would  seem  to  support  this  hypothesis. 
However,  it  is  difficult  to  reconcile  it  with  the  marked  difference  in  epidermal  structure,  which 
suggest  that  N.  neuropteroides  (Goppert)  belongs  to  a quite  distinct  group  of  plants. 

It  is  clear  from  the  above  that,  by  combining  data  on  frond  architecture  and  epidermal  structure, 
we  are  starting  to  recognize  more  natural  groups  of  species  within  the  presently  accepted 
circumscription  of  Neuropteris.  More  data  are  needed  before  any  formal  proposals  are  made.  In 
particular,  the  epidermal  structure  of  the  type-species  (N.  heterophylla  Brongniart  emend.  Laveine) 
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requires  determination,  as  well  as  that  of  some  of  the  other  commonly  occurring  neuropterids  (e.g. 
N.  obliqua  (Brongniart)).  More  information  is  also  needed  about  the  frond  architecture  of  some  of 
the  species,  particularly  those  in  our  Group  III.  For  the  time  being,  therefore,  it  is  probably  wisest 
to  retain  the  traditional  concept  of  the  form-genus  as  outlined  earlier  in  this  paper. 

Amongst  other  form-genera  of  medullosan  foliage,  the  most  comparable  cuticles  have  been 
reported  from  Odontopteris  (Barthel  19616,  1962).  They  are  hypostomatic,  with  anomocytic 
stomata  restricted  to  the  intercostal  fields,  and  sparsely  distributed  multicellular  files  restricted  to 
the  abaxial  cuticle.  The  main  difference  appears  to  be  the  more  random  orientation  of  the  stomatal 
polar  axes  in  Odontopteris  (except  compared  with  N.  scheuchzeri  Hoffmann  - text-fig.  18a).  This 
supports  the  view  of  Wagner  (in  Harland  et  al.  1967)  that  the  two  form-genera  belong  to  the  same 
family,  the  Cyclopteridaceae,  rather  than  different  families  as  argued  by  Corsin  (1960)  mainly  on 
the  basis  of  pinnule  morphology. 

Several  points  of  similarity  exist  with  alethopterid  cuticles  (Zeiller  1890;  Wills  1914;  Barthel  1962, 
1963),  in  particular  the  restriction  of  the  stomata  to  the  intercostal  fields  of  the  abaxial  cuticle.  The 
stomata  themselves  are  either  anomocytic  or  cyclocytic,  with  no  evidence  of  the  brachyparacytic 
stomata  seen  in  the  Group  III  neuropterids.  The  cuticles  of  most  Alethopteris  species  seem  to  be 
much  thicker,  often  densely  ornamented  by  robust  papillae,  which  contrasts  with  the  more  delicate 
cuticle  bearing  (sometimes)  smaller  papillae  in  all  but  the  Group  IV  neuropterids.  The  multicellular 
files  on  the  abaxial  surface  of  Alethopteris  pinnules  have  some  similarity  to  those  of  Neuropteris , 
except  that  the  component  cells  are  usually  shorter  relative  to  their  width.  However,  they  seem  to 
be  much  denser  in  Alethopteris , particularly  near  the  midvein  (cf.  Barthel  1962,  pi.  33,  figs  1 and  4) 
and  in  at  least  one  species  have  been  shown  to  have  glandular  tips  (Barthel  1962,  pi.  34,  fig.  4). 

The  epidermal  structure  of  Callipteridium  foliage  is  poorly  known.  The  cuticles  of  only  one  species 
probaby  belonging  to  the  form-genus  have  been  described  (Barthel  1962),  i.e.  ‘ Alethopteris" 
subdavreuxii  Sterzel.  This  species  has  intercalated  pinnae  on  the  antepenultimate  racheis  (Daber 
1955,  pi.  22,  fig.  1)  and  is  almost  certainly  a Callipteridium , probably  allied  to  C.  armasii  (Zeiller). 
Its  cuticle  has  many  features  in  common  with  Neuropteris , in  particular  the  stomata  being  restricted 
to  the  abaxial  intercostal  fields.  However,  the  'Alethopteris'  subdavreuxii  Sterzel  stomata  seem  to  be 
rather  more  regularly  tetracytic  than  in  Neuropteris.  There  is  also  a complete  absence  of  epidermal 
trichomes,  which  is  only  really  typical  of  the  Group  I neuropterids. 

Laveine  et  al.  (1977)  regard  Palaeoweichselia  defrancei  (Brongniart)  as  being  closely  related  to 
Callipteridium , and  the  cuticle  of  this  species  has  been  described  by  Barthel  (19616).  P.  defrancei 
(Brongniart)  is  hypostomatic,  with  anomocytic  stomata  restricted  to  the  intercostal  fields,  but  the 
stomata  seem  much  denser  and  have  a more  random  orientation  than  in  Neuropteris.  The  epidermal 
trichomes  of  P.  defrancei  (Brongniart)  appear  very  similar  to  those  of  Neuropteris. 

The  Rachivestitaceae  medullosans  ( sensu  Bertrand  1930,  Corsin  1960 -i.e.  Paripteris  and 
Linopteris)  also  show  many  of  the  epidermal  characteristics  of  Neuropteris , including  the  presence 
of  anomocytic  or  cyclocytic  stomata  restricted  to  the  abaxial  intercostal  fields.  However,  the  adaxial 
surface  of  many  of  the  species  (e.g.  Paripteris  gigantea  (Sternberg),  Linopteris  neuropteroides 
(Geinitz),  L.  brongniartii  (Gutbier))  are  densely  covered  by  robust  trichomes  (Barthel  1961  6,  1962), 
which  are  either  absent  or  rare  in  Neuropteris.  This  is  not  a clear-cut  means  of  distinguishing  them 
since  adaxial  trichomes  appear  absent  in  some  linopterids,  such  as  L.  weigelii  (Sterzel)  (Barthel  1962). 

Cyclopterid  pinnules 

No  attempt  has  been  made  here  to  study  cuticles  from  the  cyclopterid  pinnules,  which  are  widely 
believed  to  occur  at  the  base  of  the  neuropterid  fronds.  Although  we  had  available  a number  of 
cyclopterids  found  in  association  with  pinnate  neuropterid  foliage,  none  was  found  directly 
attached  to  fronds  to  confirm  their  identity.  There  are,  nevertheless,  some  records  in  the  literature 
which  allow  relevant  comments  to  be  made  on  these  structures.  Two  basic  types  of  cyclopterids  can 
be  recognized  based  on  their  epidermal  structure. 
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Type  A.  Amphistomatic  cyclopterids,  usually  identified  as  Cyclopteris  orbicularis  Brongniart  and 
C.  trichomanoides  Brongniart.  Florin  (1925)  pointed  out  that  this  type  of  cyclopterid  is  associated 
with  pinnate  foliage  belonging  to  Neuropteris  tenuifolia  Sternberg,  N.  heterophylla  auct.  non 
Brongniart  (syn.  N.  loshii  Brongniart)  and  N.  rarinervis  Bunbury,  corresponding  to  the  Group  I 
neuropterids  as  defined  in  this  paper.  They  are  attached  singly  and  directly  to  the  primary  rachis 
near  the  base  of  the  frond  (von  Roehl  1868,  pi.  17;  Carpentier  1930,  pi.  8;  Laveine  1967,  pi.  45,  fig. 
3).  They  also  appear  to  have  had  quite  a different  epidermal  structure  from  the  pinnate  foliage.  For 
instance,  the  cyclopterids  associated  with  N.  tenuifolia  Sternberg  have  brachyparacytic/cyclocytic 
stomata  (Florin  1925,  pi.  8,  figs.  1-8),  whereas  the  pinnate  foliage  probably  has  anomocytic  stomata 
(Barthel  1962,  pi.  17,  figs.  3-8;  Cleal  1985). 

Type  B.  Hypostomatic  cyclopterids , in  which  the  epidermal  structure  is  essentially  similar  to  that  of 
associated  neuropterid  pinnate  foliage.  The  following  correlations  between  cyclopterid  and 
neuropterid  pinnate  foliage  have  been  established  by  Barthel  (1962),  based  on  cuticular  evidence. 


Pinnate  foliage 

N.  ovata  var.  simonii  (Bertrand) 
N.  subauriculata  Sterzel 
N.  sp.  /?  (sensu  Barthel  1962) 


Cyclopterids 

Cyclopteris  sp.  (sensu  Florin  1926) 
Cyclopteris  felixii  Florin 
Cyclopteris  crassinervis  Goppert 


These  include  representatives  of  Groups  II  and  III  neuropterids  (as  defined  in  this  paper).  In  at 
least  one  case  (N.  ovata),  the  cyclopterids  are  attached  to  slender  racheis  at  the  base  of  the  frond 
(Zodrow  and  Cleal  1988). 

It  is  evident  that  the  classification  of  pinnate  neuropterid  foliage  proposed  in  this  paper  is  at  least 
partly  supported  by  the  evidence  from  the  cyclopterids:  Group  I neuropterids  have  Type  A 
cyclopterids,  and  Groups  II  and  III  neuropterids  have  Type  B cyclopterids. 

The  Type  A and  Type  B cyclopterids  seem  to  be  quite  different  in  nature.  Type  B cyclopterids  are 
evidently  just  large  leaflets  from  near  the  base  of  the  frond,  differing  little  from  the  neuropterid 
pinnules  except  in  size.  Type  A cyclopterids  differ  significantly  from  the  neuropterid  foliage, 
particularly  in  being  amphistomatic  and  it  is  difficult  to  see  them  simply  as  modified  pinnate  lamina 
from  the  base  of  the  frond.  Potonie  (1903)  argued  that  they  were  stipules,  for  the  protection  of  the 
young  frond,  but  Florin  (1926)  pointed  out  that  their  epidermal  structure  does  not  support  this 
view.  It  is  also  difficult  to  reconcile  the  stipule  theory  with  the  report  of  a 127  cm  long  rachis/petiole 
with  cyclopterids  attached  (Seward  1888).  That  the  Type  A cyclopterids  are  densely  stomate 
indicates  that,  at  least  in  the  fully  developed  frond,  they  fulfilled  a photosynthetic  role,  but  whether 
they  had  another  role  at  other  growth  stages  remains  uncertain.  They  certainly  developed  in  a quite 
different  way  from  the  pinnate  foliage. 


Biostratigraphy 

N.  ovata  Hoffmann  has  a considerable  biostratigraphical  significance,  being  the  main  index  to  the 
base  of  the  Westphalian  D Stage  (Cleal  1984a).  How,  then,  does  the  recognition  of  at  least  three 
varieties  of  this  species  affect  its  robustness  in  this  role?  At  least  in  the  Saarland,  Sydney  and 
probably  Nord-Pas-de-Calais  coalfields,  N.  ovata  var.  simonii  (Bertrand)  is  the  stratigraphically 
lowest  variety  to  occur.  In  northern  Germany,  N.  ovata  Hoffmann  var.  ovata  is  reported  to  occur 
at  the  base  of  the  Westphalian  D (Saltzwedel  1969)  but,  in  the  absence  of  epidermal  evidence,  it  is 
impossible  to  say  how  these  specimens  relate  to  var.  simonii.  N.  ovata  var.  sarana  (Bertrand)  and 
N.  ovata  var.  aconiensis  nov.  var.  occur  in  the  upper  Westphalian  D and  lower  Cantabrian 
respectively  (N.  ovata  var.  grandeuryi  Wagner,  recognized  on  gross  morphological  features,  is  an 
exclusively  Stephanian  variety  Wagner  1963).  There  was  evidently  a gradual  change  in  N.  ovata 
with  time,  possibly  as  a result  of  genetic  drift,  with  var.  simonii  (Bertrand)  appearing  in  the  early 
Westphalian  D,  but  being  replaced  by  var.  sarana  (Bertrand),  var.  aconiensis  var.  nov.  and  var. 
grandeuryi  Wagner  in  the  late  Westphalian  D and  Stephanian.  Since  only  the  var.  simonii  probably 
occurs  in  the  lower  Westphalian  D,  the  species  may  still  be  regarded  as  a robust  means  of 
recognizing  the  stage  boundary. 
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We  have  stated  previously  (Zodrow  and  Cleal  1985)  that  the  lowest  occurrence  of  N.flexuosa 
Sternberg  can  also  be  used  to  recognize  the  base  of  the  Westphalian  D.  The  evidence  presented  in 
this  paper  clearly  shows  that  it  is  quite  distinct  from  N.  ovata  Hoffmann,  and  not  just  a form  as 
suggested  by  Crookall  (1959).  The  South  Wales  records  nevertheless  indicate  that  the  first 
occurrences  of  both  species  occur  at  about  the  same  level  (Cleal  1978).  The  lowest  occurrence  of 
N.  flexuosa  Sternberg  may  therefore  still  be  used  as  a guide  to  the  stage  boundary,  although 
additional  evidence  from  areas  yielding  both  species  will  be  needed  to  confirm  its  homotaxial 
reliability. 

Palaeoecology 

As  pointed  out  by  Harris  (1956),  cuticle  characters  can  sometimes  indicate  the  climatic  conditions 
prevailing  when  the  plant  grew.  Such  evidence  must  always  be  treated  with  circumspection,  since 
apparently  xeromorphic  characters  may  in  fact  be  a response  to  restricted  water  absorption  by  the 
roots  (e.g.  the  plant  may  have  grown  in  high  salinity  soils,  high  light-levels  or  even  nitrogen 
deficiency),  rather  than  dry  atmospheric  conditions.  Nevertheless,  such  characters  may  provide 
invaluable  indices  to  the  original  habitat  of  the  plant. 

There  is  in  fact  little  obvious  evidence  of  defence  against  excessive  water  loss  in  these  neuropterid 
cuticles.  The  majority  have  extremely  thin  cuticles  and  relatively  abundant  stomata.  Fritsch  and 
Salisbury  (1953)  pointed  out  that  plants  growing  in  a dry  habitat  sometimes  develop  unusually  large 
epidermal  cells,  in  which  water  can  be  conserved,  but  there  is  no  evidence  of  this  in  Neuropteris. 
Furthermore,  the  neuropterid  stomata  are  of  a size  normally  found  in  plants  growing  in  a humid 
atmosphere  and  moist  soils  (Wilkinson  in  Metcalfe  and  Chalk  1979).  Barthel  (1962)  reported  some 
neuropterid  species  to  have  guard  cells  at  the  bottom  of  cutinized  pits,  a feature  often  regarded  as 
xeromorphic.  This  is  a difficult  feature  to  observe  in  light-microscope  studies,  and  could  not  be 
clearly  established  by  us.  The  only  strongly  papillate  species  is  N.  neuropteroides  (Goppert),  but 
Barthel  (1962)  did  not  note  any  marked  thickening  of  its  cuticle,  except  at  the  edge  of  the  pinnule. 

In  present-day  angiosperm  floras,  hypostomatic  leaves  are  more  commonly  found  in  low  altitude 
floras  (Wilkinson  in  Metcalfe  and  Chalk  1979).  This  would  confirm  that  the  neuropterid  species 
grew  in  low  altitudes,  rather  than  being  the  transported  remains  of  high  altitude  plants.  However, 
in  the  absence  of  evidence  on  stomatal  distribution  in  high  altitude  Carboniferous  floras  (assuming 
that  they  existed)  it  is  possible  simply  that  the  hypostomatic  condition  is  the  primitive  state. 

The  presence  of  abundant  epidermal  trichomes  on  the  stomatal-bearing  surfaces  is  sometimes  an 
attempt  to  reduce  transpiration  in  wind.  Few  of  the  neuropterid  cuticles  showed  densely  distributed 
trichomes,  although  some  are  usually  present  (except  the  Group  I species).  The  most  notable 
exception  is  N.  scheuchzeri  Hoffmann,  with  its  abundant  multicellular  files  on  the  abaxial  surface. 
It  is  interesting  that  N.  scheuchzeri  Hoffmann  usually  occurs  in  compression  floras  as  isolated 
pinnules,  examples  of  large  pinnae  (e.g.  Bertrand  1930,  pi.  9)  being  extremely  rare.  This  may  reflect 
that  the  plant  grew  in  a somewhat  higher  (?  and  drier)  habitat  within  the  swamp-area,  and  that  the 
frond-fragments  had  to  undergo  rather  greater  transportation  than  the  other  neuropterid  species. 
Species  growing  in  a more  elevated  habitat  would  of  course  be  more  exposed  to  the  drying  effects 
of  the  wind,  and  the  denser  trichomes  may  be  a response  to  this  (cf.  also  the  report  of  apparently 
xeromorphic  characters  in  N.  scheuchzeri  Hoffmann  by  Schabilion  and  Reihman  1985). 

Schabilion  and  Reihman  (1985)  have  argued  that  the  xeromorphic  characters  in  N.  scheuchzeri 
Hoffmann  fronds  may  be  due  to  their  having  grown  and  developed  in  full  sun-light.  The  apparently 
thicker  limb  of  N.  scheuchzeri  Hoffmann  pinnules  is  used  to  support  this  argument,  but  it  may 
alternatively  be  a response  to  wind-induced  mechanical  stress  (see  previous  paragraph).  They  also 
mention  the  relatively  high  vein  density  of  N.  scheuchzeri  Hoffmann,  but  it  is  in  fact  little  greater 
than  that  of  many  other  neuropterid  species,  such  as  N.  ovata  Hoffmann.  Further  the  stomatal 
density,  which  is  lower  in  N.  scheuchzeri  Hoffmann  in  both  absolute  terms  and  the  Stomatal  Index, 
does  not  support  Schabilion  and  Reihman's  hypothesis.  In  our  view,  the  evidence  suggests  that  the 
anomalous  characters  of  N.  scheuchzeri  Hoffmann  are  the  result  of  mechanical  (wind-induced) 
stress,  rather  than  because  they  were  sun  leaves. 

There  is  little  evidence  in  these  neuropterid  cuticles  of  a defence  strategy  against  insect  attack. 
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such  as  the  glandular  trichomes  reported  in  Mariopteris  (Kidston  1925).  This  is  of  interest  since 
evidence  of  insect  damage  is  relatively  rare  in  these  fossil  leaves  (Taylor  and  Scott  1983),  or  is  at  least 
difficult  to  distinguish  from  taphonomic  damage.  Many  Carboniferous  insects  were  at  least  partly 
carnivorous  (Bolton  1922;  North  1931),  but  it  is  difficult  to  see  why  some  pteridosperm  foliage  (e.g. 
Mariopteris ) had  to  develop  glandular  trichomes  if  they  were  not  at  risk  from  insect  attack.  One  can 
only  speculate  that  the  levee-top  habitat  of  the  neuropterid  species  somehow  prevented  access  by 
the  bulk  of  the  insects  or,  perhaps  more  likely,  they  had  developed  some  alternative  strategy,  such 
as  a chemical  defence. 
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APPENDIX 

Summary  of  provenance  for  specimens  described  in  this  paper. 

SYDNEY  COALFIELD 
N.  rarinervis  Bunbury 

1 . 982GF-274  (19  slides)  Brogan’s  Pit,  near  Point  Aconi,  Sydney  Coalfield.  Above  Lloyd  Cove  Seam,  Morien 
Group  (upper  Westphalian  D). 

2.  982GF-275  (6  slides)  Brogan’s  Pit,  near  Point  Aconi,  Sydney  Coalfield.  Above  Lloyd  Cove  Seam,  Morien 
Group  (upper  Westphalian  D). 

N.  ovata  Hoffmann  var.  simonii  (Bertrand) 

1.  982GF-405  (10  slides)  Point  Aconi,  Sydney  Coalfield.  About  I m above  the  Point  Aconi  Seam,  Morien 
Group  (lower  Cantabrian). 

2.  977GF-126  (3  slides)  Private  drift  mine  I km  west  of  Steele’s  Road,  Glace  Bay,  Sydney  Coalfield.  Emery 
Seam,  Morien  Group  (middle  Westphalian  D lowest  reported  occurrence  in  Sydney  Coalfield  - Zodrow 
and  Cleal  1985). 

3.  979GF-230  (4  slides)  Prince  Mine,  Sydney  Mines,  Sydney  Coalfield.  Morien  Group,  exact  horizon 
unknown  (?  Westphalian  D). 

N.  ovata  Hoffmann  var.  aconiensis  var.  nov. 

1.  985GF-236  (14  slides)  Point  Aconi,  Sydney  Coalfield.  Point  Aconi  Seam,  Morien  Group  (lower 
Cantabrian). 

N.  flexuosa  Sternberg 

1.  977GF-267  (7  slides)  Prince  Mine,  Point  Aconi,  Sydney  Coalfield.  5-25  cm  above  Hub  Seam,  Morien 
Group  (upper  Westphalian  D). 

2.  977GF-268  (4  slides)  Prince  Mine,  Point  Aconi,  Sydney  Coalfield.  5-25  cm  above  Hub  Seam,  Morien 
Group  (upper  Westphalian  D). 

3.  981GF-353  (8  slides)  Brogan’s  Pit,  near  Point  Aconi,  Sydney  Coalfield.  20-35  cm  above  unnamed  seam, 
c.  8 metres  above  Lloyd  Cove  Seam,  Morien  Group  (upper  Westphalian  D). 
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4.  981GF-354  (1 1 slides)  Brogan’s  Pit,  near  Point  Aconi,  Sydney  Coalfield.  20-35  cm  above  unnamed  seam, 
c.  8 m above  Lloyd  Cove  Seam,  Morien  Group  (upper  Westphalian  D). 

N.  macrophylla  Brongniart 

1.  982GF-229  (17  slides)  Brogan’s  Pit,  near  Point  Aconi,  Sydney  Coalfield.  20-35  cm  above  Lloyd  Cove 
Seam,  Morien  Group  (upper  Westphalian  D). 

2.  984GF-267  (9  slides)  Point  Aconi,  Sydney  Coalfield,  Point  Acorn  Seam,  Morien  Group  (lower 
Cantabrian). 

3.  983GF-257  (6  slides)  Brogan’s  Pit  West,  near  Point  Aconi,  Sydney  Coalfield  . 1 5-2  0 m above  an  unnamed 
seam,  which  occurs  c.  8 m above  the  Lloyd  Cove  Seam,  Morien  Group  (upper  Westphalian  D). 

N.  scheuchzeri  Hoffmann 

1.  980GF-588  (12  slides)  Brogan’s  Pit,  near  Point  Aconi,  Sydney  Coalfield.  10-20  cm  above  an  unnamed 
seam,  which  occurs  c.  8 m above  the  Lloyd  Cove  Seam,  Morien  Group  (upper  Westphalian  D). 

2.  985GF-245  (14  slides)  Point  Aconi,  Sydney  Coalfield.  Point  Aconi  Seam,  Morien  Group  (lower 
Cantabrian). 

SAARLAND  COALFIELD 

N.  ovata  Hoffmann  var.  simonii  (Bertrand) 

1 . C/4146  (1  slide)  Friedrichsthal  Colliery,  Friedrichsthal,  Saarland.  Kallenberg  Seam,  Luisenthal  Formation 
(lower  Westphalian  D). 

2.  C/5037  (I  slide)  Gottelborn  Colliery,  near  Friedrichsthal,  Saarland.  Elizabeth  Seam,  Heiligenwald 
Formation  (middle  Westphalian  D). 

3.  C/4894  (3  slides)  Same  locality  and  horizon. 

4.  C/5224  (4  slides)  Reden-Flamm  Colliery,  near  Friedrichsthal,  Saarland.  Grubenwald  Seam,  Heiligenwald 
Formation  (lower  Westphalian  D). 

5.  C/5215  (3  slides)  Same  locality  and  horizon. 

6.  C/3638  (4  slides)  Itzenplitz  Colliery,  near  Friedrichsthal,  Saarland.  Kallenberg  Seam,  Luisenthal 
Formation  (lower  Westphalian  D). 

N.  ovata  Hoffmann  var.  sarana  (Bertrand) 

1.  C/5  (9  slides)  Kohlwald  Colliery,  near  Neunkirchen,  Saarland.  Huyssen  Seam,  Heiligenwald  Formation 
(upper  Westphalian  D). 
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A NEW  AGNATHAN  FROM  THE  LOWER  DEVONIAN 
OF  ARCTIC  CANADA,  AND  A REVIEW  OF  THE 
TESSELLATED  H ETEROSTR ACANS 

by  d.  k.  elliott  and  e.  j.  loeffler 


Abstract.  A new  tessellated  heterostracan,  Aporemaspis  pholidata  gen.  et  sp.  nov.,  is  described  from  the 
Snowblind  Bay  Formation  of  Cornwallis  Island  in  the  Canadian  Arctic  Archipelago.  Its  age  is  late 
Lochkovian,  and  it  is  thought  to  be  related  to  other  tessellated  forms  from  the  Delorme  Formation,  District 
of  Mackenzie,  NWT.  Two  fragments  of  armour  from  the  Delorme  Formation  are  tentatively  assigned  to 
Aporemaspis  gen.  nov.  The  known  genera  of  tessellated  heterostracans  are  reviewed,  and  it  is  concluded  that 
at  present  our  knowledge  of  the  group  is  insufficient  to  support  a meaningful  classification,  although  it  is  clear 
that  the  Ordovician  genera  should  not  be  considered  to  be  heterostracans. 

Thf.  rich  ostracoderm  localities  on  Prince  of  Wales,  Somerset  and  Cornwallis  Islands  in  the 
Canadian  Arctic  were  discovered  by  the  Geological  Survey  of  Canada  in  1955  (Thorsteinsson  1958). 
Further  discoveries  have  since  been  made  and  some  of  the  faunas  described  (Elliott  and  Dineley 
1985,  and  references  therein).  Although  much  of  the  material  remains  undescribed,  it  has  already 
been  shown  to  be  of  considerable  importance  to  the  study  of  heterostracan  relationships,  as  the  area 
seems  to  have  formed  both  a centre  of  origin  and  a locus  of  adaptive  radiation  for  several 
heterostracan  groups  (Thorsteinsson  1967;  Elliott  1984).  The  specimen  described  here  has  been 
selected  because,  although  incomplete  and  difficult  to  assign  taxonomically,  it  is  one  of  the  few 
known  examples  of  an  articulated  tessellated  heterostracan. 

The  specimen  (PI.  107,  text-fig.  2)  was  collected  in  1976  from  scree  below  cliffs  of  the  basal 
Snowblind  Bay  Formation  on  the  north  shore  of  Read  Bay,  Cornwallis  Island  (text-fig.  1).  The 
locality  was  originally  described  by  Thorsteinsson  (1958)  who  noted  the  presence  of  ‘ Ctenaspis  n.sp. 
cf.  C.  dentatus , Anglaspis  n.sp.,  Cyathaspidinae  indet.,  Pteraspis  sp.  indet.  cf.  P.  podolica,  shagreen- 
like scales  resembling  Kallostrakon  podura , and  indeterminate  bones  and  spines  probably  of 
acanthodians’.  More  recent  work  on  this,  and  stratigraphically  equivalent,  localities  (Miles  1973; 
Dineley  1976;  Elliott  1983)  has  resulted  in  the  following  faunal  list:  Stegobranchiaspis  baringensis , 
Unarkaspis  schultzei , Ctenaspis  cf.  C.  russelli , Anglaspis  sp.,  Weigeltaspis  sp.,  Cephalaspis  sp., 
Arthrodira  indet.,  porolepid  indet.,  and  Ischnacanthus  sp.  The  shagreen-like  scales  reported  by 
Thorsteinsson  (1958)  are  now  unfortunately  lost;  however,  Thorsteinsson  (pers.  comm.  1984) 
reports  that  they  did  not  show  any  resemblance  to  the  specimen  described  here. 

The  Snowblind  Bay  Formation  was  erected  by  Thorsteinsson  and  Fortier  (1954)  for  a body  of 
conglomerate  at  Read  Bay  on  the  east-central  coast  of  Cornwallis  Island  (text-fig.  1 ).  It  grades  into 
the  Sophia  Lake  Formation  and  forms  the  top  of  the  thick,  conformable  succession  of  Ordovician 
to  Devonian  rocks  on  Cornwallis  Island  (Thorsteinsson  1980).  The  vertebrate  fauna  is  dated  as  Late 
Lochkovian  (Elliott  1984),  based  on  faunal  similarities  with  the  upper  member  of  the  Peel  Sound 
Formation  at  Baring  Channel  on  Prince  of  Wales  Island.  There,  vertebrates  were  associated  with 
Pelekysgnathus  serratus  serratus  (determined  by  O.  H.  Walliser;  H.  P.  Schultze,  pers.  comm.  1976) 
and  other  conodonts  closely  resembling  forms  found  in  Upper  Lochkovian  and  Lower  to  Middle 
Pragian  (Upper  Gedinnian-Siegenian)  strata  elsewhere  in  the  Canadian  Arctic  (Uyeno  in  Gibling 
and  Narbonne  1977).  Although  no  date  is  available  for  the  base  of  the  Snowblind  Bay  Formation, 
the  maximum  age  for  the  fauna  is  limited  by  the  determination  of  an  Early  to  possibly  Middle 
Lochkovian  age  for  the  strata  directly  below  it  (Thorsteinsson  1980). 
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SYSTEMATIC  PALAEONTOLOGY 

The  heterostracans  described  in  this  paper  are  the  property  of  the  National  Museum  of  Canada, 
Ottawa  (NMC). 


Order  heterostraci  Lankester,  1868 
Family  uncertain 
Genus  aporemaspis  gen.  nov. 

Etymology.  Greek  aporema,  meaning  doubt  or  perplexity,  and  aspis  meaning  shield. 

Diagnosis.  As  for  the  only  species,  Aporemaspis  pholidata. 

Aporemaspis  pholidata  sp.  nov. 

Plate  107,  text-fig.  2 

Etymology.  Greek  pholis , meaning  scale. 

Holotype.  NMC  34010,  articulated  specimen. 

Locality.  Basal  part  of  the  Snowblind  Bay  Formation  on  the  north  shore  of  Read  Bay,  Cornwallis  Island. 
93°  34'  W 75°  04'  N (text-fig.  1).  Locality  42  of  Thorsteinsson  (1958). 

Diagnosis.  Cephalothorax  elongated  and  dorsoventrally  compressed;  tail  narrow.  Armour 
composed  of  discrete  elements,  0-5-I-5  mm  long  and  0-5-1-0  mm  wide,  the  bases  of  which  are 
normally  not  fused.  Each  element  typically  bears  a single  ridge  of  almost  equivalent  area,  the  shape 
of  the  ridge  varying  according  to  the  position  of  the  element  on  the  body.  Anteroventrally,  the 
ridges  are  broad,  ovoid  and  flat-topped;  laterally,  they  are  more  elongated.  Posteriorly,  on  the 
caudal  fragment,  elements  are  associated  into  lozenge-shaped  groups  of  two  or  three  ridges.  This 
pattern  of  ridges  becomes  more  regular  and  symmetrical  towards  the  posterior. 

Description.  The  gross  morphology  of  this  unique  specimen  is  difficult  to  reconstruct  as  it  was  separated  into 
two  pieces,  possibly  by  the  action  of  predators,  prior  to  burial  (PI.  107,  fig.  1).  Much  of  the  dorsal  surface,  all 
of  the  left  side,  and  the  caudal  termination  are  also  missing.  The  two  segments  have  been  rotated  slightly  in 
relation  to  each  other;  however,  the  similarity  of  ornamentation  on  the  broken  margins  indicates  that  these 
come  from  the  same  individual.  The  cephalothoracic  segment  was  at  least  70  mm  long  as  shown  by  the  dorsal 
surface  (PI.  107,  fig.  2).  Although  the  left  side  is  missing,  the  width  of  the  animal  anteriorly  appears  to  have 
been  about  40  mm.  The  posterior  segment  of  the  animal  has  been  bent  approximately  at  the  point  where  a 
change  in  ornamentation  can  be  seen.  This  segment  is  approximately  49  mm  long,  its  maximum  width  of 
20  mm  occurs  at  the  anterior  end,  posteriorly  a width  of  12  mm  is  maintained  from  the  bend.  It  seems, 
therefore,  that  in  overall  dimensions  this  animal  would  have  been  at  least  1 10  mm  long  with  an  anterior  width 
of  about  40  mm  tapering  posteriorly  to  about  12  mm.  The  specimen  is  somewhat  dorso-ventrally  flattened ; the 
distinct  dorsal  and  ventral  laminae  of  the  rigid  lateral  margins  suggest  that  this  is  a reflection  of  the  original 
shape  of  the  animal,  although  it  has  been  accentuated  by  post-mortem  crushing. 

Cephalothorax.  The  dorsal  surface  (PI.  107,  fig.  2)  is  preserved  only  as  a marginal  band  5 mm  deep  that  appears 
to  have  been  structurally  more  coherent  than  other  portions  of  the  dermal  armour.  Anteriorly,  it  includes  the 
right  orbit  (text-fig.  2b)  which  has  a diameter  of  2 mm  and  appears  to  have  been  dorsolaterally  directed  in  life. 
The  coherence  of  the  lateral  margin  of  the  dorsal  surface  appears  to  be  due  to  the  fact  that  in  this  area  the 
elements  are  joined  together  at  the  base,  as  can  be  seen  on  broken  edges,  as  they  are  also  in  the  rostral  area. 
Laterally,  each  element  is  oriented  parallel  to  the  margin  and  bears  an  elongated  ridge  (text-fig.  2c),  smooth- 
topped  and  with  denticulate  margins.  This  ornamentation  becomes  more  ovoid  and  irregular  ventrally  (PL  107, 
fig.  3;  text-fig.  2a)  where  the  elements  are  often  overturned  and  isolated  showing  that  they  were  not  joined  and, 
therefore,  presumably  provided  a more  flexible  covering.  Each  ventral  element  is  about  0-5-0-75  mm  thick  and 
is  composed  of  a basal  plate  surmounted  by  a broad  flat  crown  of  almost  the  same  areal  extent.  On  the  most 
anterior  ventral  elements,  the  superficial  crowns  are  very  closely  spaced.  This  differs  from  the  lateral  margin 
of  the  dorsal  surface  where  the  elongate  ridges  are  quite  widely  spaced  though  the  bases  are  joined. 
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The  rostral  area  is  present  mostly  as  an  external  mould  of  the  dorsal  surface  visible  in  the  ventral  aspect  of 
the  specimen  and,  though  indistinct,  suggests  that  the  rostral  margin  may  have  been  somewhat  rounded  in  life. 
The  large  anterior  ventral  area  which  is  devoid  of  armour  is  assumed  to  indicate  the  position  of  the  oral  region. 
However,  no  particular  orientation  of  ornament  can  be  seen  at  the  margins  of  this  gap,  and  it  is  probable  that 
the  mouth  was  somewhat  smaller  than  is  suggested  by  this  opening.  There  is  no  evidence  of  a branchial  opening 
or  openings  as  the  relevant  area  is  missing  from  the  specimen.  Two  small  pores  anterior  to  the  orbit  may 
represent  part  of  the  sensory  canal  system,  but  the  system  may  have  opened  through  the  bases  of  the  elements 
or  in  soft  tissue  between  them. 

Caudal  region.  The  armour  of  the  caudal  fragment  shows  a gradual  change  throughout  its  length;  anteriorly, 
the  skeletal  elements  are  similar  in  size  and  shape  to  those  of  the  ventral  part  of  the  cephalothorax.  Passing 
gradually  posteriorly,  they  assume  a rather  more  regular  arrangement,  with  elements  associated  in  groups  of 
two  or  three  and  with  ridges  having  smooth  rather  than  denticulate  margins.  The  typical  grouping  of  elements 
involves  a longer  central  ridge  flanked  on  either  side  by  a short  curved  ridge,  producing  a lozenge  shape. 
Broken  and  displaced  elements  indicate  that,  in  the  central  part  of  the  caudal  region,  the  individual  elements 
within  each  lozenge  remain  as  discrete  entities.  At  the  posterior  end  of  the  caudal  fragment,  however,  elements 
within  the  majority  of  the  lozenges  are  united  by  their  basal  layers.  The  arrangement  of  the  lozenges  becomes 
increasingly  regular  and  symmetrical  towards  the  posterior,  but  nowhere  do  they  appear  to  be  imbricated  (PI. 
107,  fig.  4,  text-fig.  2d).  No  dorsal  or  ventral  median  rows  of  elements  are  visible  and,  as  it  seems  reasonable 
to  suppose  that  the  caudal  fin  was  laterally  compressed,  it  is  probable  that  the  caudal  region  as  preserved 
presents  a lateral  aspect.  It  is  not  possible  to  determine  the  extent  or  shape  of  the  caudal  fin. 
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text-fig.  2.  Aporemaspis  pholidata  gen.  et  sp.  nov.,  NMC  34010,  showing  details  of  ornamentation  on  ventral 

(a,  d)  and  dorsal  (b,  c)  surfaces. 


Histology.  The  preservation  of  the  bone  is  not  ideal  but,  in  thin  section  (PI.  107.  fig.  5),  each  element  can  be 
seen  to  consist  of  four  main  layers.  The  basal  layer  is  variable  in  thickness  and  appears  dense  and  fibrous  with 
slight  indications  of  laminations  parallel  to  the  base.  It  typically  forms  an  expanded  base  to  the  element  and 
it  is  this  layer  that  forms  a continuous  sheet  in  the  lateral  and  anterior  parts  of  the  shield.  Occasional  canals 
run  through  the  basal  layer  and  open  at  the  base  and  into  the  median  layer  above. 

The  median  layer  is  not  cancellous,  as  in  the  Pteraspididae  and  Cyathaspididae,  but  consists  of  a regular 
system  of  vertical  canals  rising  from  a horizontal  basal  canal  (PI.  107,  fig.  5).  These  canals  are  surrounded  by 
thick  aspidin  which  shows  strong  laminations  that  sometimes  cut  and  sometimes  parallel  the  margins  of  the 
main  canals.  Above  the  median  layer  is  an  upper  layer  in  which  horizontally-laminated  aspidin  is  penetrated 


EXPLANATION  OF  PLATE  107 

Figs.  1-5.  Aporemaspis  pholidata  gen.  et  sp.  nov.  from  the  Snowblind  Bay  Formation,  Cornwallis  Island. 
Holotype,  NMC  34010.  1,  Ventral  view  showing  oral  area,  x 1.3.  2,  Dorsal  view  showing  orbit,  x 1.3.  3, 
Detail  of  ornamentation  in  antero-ventral  area,  x 10.  4,  Detail  of  ornamentation  in  caudal  area,  x 10.  5, 
Thin  section  of  isolated  element,  x 100. 
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text-fig.  3.  Aporemaspis  sp.  gen.  nov.  from  the  Delorme  Formation,  Northwest  Territories.  Details  of 
ornamentation  from  shield  fragments  from  the  antero-ventral  region  (a,  NMC  40611)  and  the  caudal  region 

(b,  NMC  40610).  Scale  bars,  2-5  mm. 


by  many  fine  canals  rising  from  the  apices  of  the  vertical  canals  in  the  median  layer.  These  fine  canals  branch 
close  to  the  surface  of  the  element  forming  a zone  of  fine  tubules.  This  outer  zone  is  not  laminated  and  appears 
to  be  formed  of  dentine. 


DISCUSSION 

Heterostracans  typically  have  armour  which  consists  of  a number  of  large  plates  covering  the 
anterior  part  of  the  body,  and  imbricate  scales  covering  the  tail.  The  large  plates  tend  to  be  regular 
in  shape  and  symmetrical  (or  symmetrically  arranged,  in  the  case  of  paired  plates);  they  may  be  in 
direct  contact  with  one  another,  or  separated  by  a mosaic  of  small  plates,  as  in  some  psammosteids. 
The  arrangement  and  number  of  the  large  plates  is  sufficiently  constant  that  these  characters  are  of 
taxonomic  value  at  higher  levels.  However,  included  amongst  the  Heterostraci  in  the  majority  of 
classification  schemes,  there  are  a small  number  of  forms  with  dermal  armour  consisting  of 
numerous  small  plates  or  tesserae,  which  may  be  fused  loosely  or  locally  into  irregular  sheets  and 
strips.  These  areas  of  fused  tesserae  do  not  appear  to  be  constant  in  size,  shape  or  number  of 
constituent  units;  in  one  genus,  Lepidaspis , the  basal  plates  of  the  skeletal  elements  show  varying 
degrees  of  fusion  in  different  specimens.  This  was  interpreted  by  Dineley  and  Loeffler  (1976)  as 
evidence  that  progressive  fusion  of  the  basal  plates  took  place  during  the  growth  of  the  individual. 
Examples  of  these  ‘tessellated'  forms  include  the  Ordovician  Astraspis  and  the  Devonian 
Tesseraspis , which  are  known  both  as  isolated  tesserae,  and  as  coherent  sheets  of  tesserae. 
Lepidaspis  and  Aserotaspis , from  the  Delorme  Formation  of  northern  Canada  (Dineley  and  Loeffler 
1976)  are  also  known  from  articulated  material.  Other  heterostracans  which  are  preserved  only  as 
isolated  polygonal  tesserae,  or  small  groups  of  tesserae,  may  have  had  a similar  level  of  organization 
of  their  hard  tissues;  examples  include  Kallostrakon , Onisco/epis , and  Strosipherus. 

The  morphology  and  affinities  of  these  tessellated  forms  are  poorly  understood,  largely  because 
the  dermal  armour  tends  to  disintegrate  into  its  component  elements  unless  exceptional  conditions 
favour  its  preservation.  Nevertheless,  tessellated  heterostracans  have  been  used  as  examples  to 
support  various  evolutionary  schemes  for  the  early  vertebrates,  notably  those  proposed  by  Tarlo 
(1967)  and  Halstead  (1973).  However,  it  remains  to  be  demonstrated  that  the  tessellated 
heterostracans  are  a monophyletic  group;  the  tesserae  may  be  primitive  in  some,  and  derived  in 
others.  Elliott’s  (1987)  recent  re-examination  of  Astraspis  has  revealed  that  it  had  multiple  pairs  of 
branchial  openings,  a feature  previously  unknown  in  early  vertebrates  which  have  acellular  bone  of 
heterostracan  type,  though  anaspids  do  have  multiple  branchial  openings  and  scales  composed  of 
lamellar  bone  only.  As  branchial  openings  have  not  been  described  for  any  other  of  the  tessellated 
forms,  we  do  not  know  if  they  had  single  or  multiple  pairs.  Improved  knowledge  of  these  forms  is 
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probably  crucial  to  our  understanding  of  the  evolution  of  the  early  vertebrates.  While  the  new  genus 
Aporemaspis  provides  no  immediate  solutions,  its  description  contributes  to  the  growing  store  of 
information  on  these  tessellated  forms,  and  its  comparison  with  other  members  of  the  group  may 
give  clues  to  its  relationships. 

Two  genera  from  the  Delorme  Formation,  Aserotaspis  and  Lepidaspis,  provide  unusually  good 
examples  of  articulated  tessellated  heterostracans  (Dineley  and  Loeffler  1976).  Aserotaspis 
canadensis  is  a large  form,  apparently  with  a dorso-ventrally  flattened  cephalothorax.  The  anterior 
dorsal  surface  only  is  preserved,  showing  tesserae  interlocking  to  form  a continuous  sheet.  Over 
most  of  the  surface,  they  are  large  and  polygonal,  and  bear  an  ornament  of  numerous  flat-topped 
twig-like  ridges  (Dineley  and  Loeffler  1976,  pi.  18);  these  tesserae  appear  to  be  rather  loosely 
associated  with  one  another  and,  even  when  closely  adpressed,  their  borders  are  clearly  visible. 
Around  the  lateral  margin  of  the  holotype,  and  in  the  region  of  the  orbit,  the  ornament  is  coarser 
and  the  tesserae  are  not  clearly  delimited.  This  coarser  type  of  ornamentation,  particularly  that 
developed  on  the  left  side  of  the  holotype  of  Aserotaspis  canadensis , is  very  similar  to  that  seen  in 
the  same  position  in  Aporemaspis  pholidata.  Although  Dineley  and  Loeffler  (1976,  p.  138)  originally 
described  this  as  ‘a  coarsely  ornamented  fragment  of  indeterminate  origin’,  it  is  possible  to 
recognize  a gradation  from  the  tesserae  of  the  central  area  of  Aserotaspis  to  the  more  rigid  and 
coarsely  ornamented  marginal  part  where  the  basal  part  of  the  armour  seems  to  be  continuous. 
Similar  coarse  ornament  is  present  around  the  orbit,  but  there  is  no  evidence  of  branchial  openings 
in  this  rigid  marginal  area  of  Aserotaspis.  Unfortunately,  comparison  of  Aserotaspis  with 
Aporemaspis  is  rendered  all  the  more  difficult  because  the  former  is  known  only  from  the  dorsal 
surface  of  the  cephalothorax,  the  latter  from  the  ventral.  However,  there  are  numerous  points  of 
similarity.  Both  taxa  appear  to  have  been  rather  dorsoventrally  compressed,  with  a broadly 
rounded  anterior  margin  and  small  marginally  situated  orbits,  and  the  lateral  margins  of  the 
cephalothoracic  region,  around  and  behind  the  orbits  has  dermal  armour  which  is  more  rigid  than 
than  of  the  adjacent  tesserate  parts,  and  appears  to  be  united  by  a continuity  of  the  basal,  spongy 
part  of  the  armour.  Furthermore,  the  ornamentation  of  the  margins  of  the  cephalothoracic  region 
is  very  similar  in  Aserotaspis  and  Asporemaspis.  It  is  possible  that  the  two  taxa  merely  represent 
dorsal  and  ventral  aspects  of  closely  similar  forms,  but  in  the  absence  of  more  complete  material, 
this  cannot  be  proven. 

Lepidaspis  serrata , also  from  the  Delorme  Formation,  is  known  from  a larger  number  of 
specimens.  It  has  a broad,  dorsal-ventrally  flattened  body  with  a rounded  anterior  margin  and  a 
narrow  tail  (the  overall  shape  was  likened  to  a table-tennis  bat  by  Dineley  and  Loeffler  1976).  The 
armour  is  largely  composed  of  isolated  scale-like  elements.  On  the  cephalothorax,  the  elements 
consist  of  an  oval  basal  plate  surmounted  by  a single  barbed  ridge.  Individual  animals  show  varying 
degrees  of  contact  between  these  elements;  they  may  be  completely  separate  from  one  another,  or 
the  basal  plates  may  be  fused  together  to  form  a solid  carapace.  The  lateral  margins  of  the 
cephalothorax  and  the  borders  of  the  small  dorso-laterally  situated  orbits  are  rather  different  in 
structure:  the  barbed  ridges  are  rather  broader  and  flatter,  and  rather  more  closely-spaced  than  the 
rest  of  the  ornament,  and  the  basal  plates  form  a continuous  layer.  On  the  tail  of  Lepidaspis , the 
dermal  elements  are  rather  shorter  and  broader  than  on  the  cephalothorax,  each  basal  plate  bearing 
two  or  three  short,  barbed  ridges.  A median  row  of  ridge  scales,  ornamented  with  numerous  barbed 
ridges,  extends  along  the  length  of  the  tail  on  both  dorsal  and  ventral  surfaces. 

Although  the  ornamentation  of  Lepidaspis  is  quite  distinct  from  that  of  Aporemaspis , there  are 
notable  similarities  between  the  two  forms  in  that  the  lateral  and  orbital  parts  of  the  cephalothorax 
are  more  solidly  constructed  than  the  central  parts,  with  continuity  of  basal  layers,  and  the  caudal 
elements  are  composite,  consisting  of  more  than  one  ridge  per  basal  plate. 

Other  fragments  of  armour  bearing  ornamentation  similar  to  that  seen  in  Aporemaspis  pholidata 
are  present  in  the  Delorme  Formation,  however.  Two  specimens  (text-fig.  3)  show  associated 
elements  similar  to  those  present  in  the  antero-ventral  and  caudal  regions  of  Aporemaspis  pholidata. 
NMC  40610  (text-fig.  3b)  shows  a series  of  lozenge-shaped  groups  of  ridges  of  a similar  size  and 
shape  to  those  seen  in  the  caudal  region  of  A.  pholidata.  The  ornament  is  extremely  regular  and. 
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as  the  fragment  has  a maximum  width  of  20  mm,  it  would  appear  to  have  come  from  a larger  animal 
than  the  type  of  A.  pholidata.  The  second  fragment  (NMC  40611,  text-fig.  3a)  consists  of  elements 
similar  to  those  found  in  the  antero- ventral  region  of  A.  pholidata,  but  also  seems  to  have  come  from 
a much  larger  animal.  In  both  specimens,  the  extreme  regularity  of  the  ornamentation  and  lack  of 
gradation  into  other  element  types  suggests  that  these  fragments  cannot  be  attributed  with  certainty 
to  that  species.  For  the  moment,  therefore,  we  are  placing  them  in  the  genus  Aporemaspis  with  no 
attribution  to  species. 

Dineley  and  Loeffler  (1976)  were  unsure  of  the  affinities  of  Lepidaspis  and  Aserotaspis.  They 
included  Aserotaspis  in  the  Heterostraci,  incertae  sedis,  but  felt  that  the  histology  of  Lepidaspis  was 
too  poorly-known  even  for  that  ascription.  Halstead  has  since  examined  thin  sections  of  the  bone 
of  Lepidaspis , and  confirmed  that  it  is  aspidin.  Unfortunately,  in  neither  of  these  genera  is  the 
number  or  the  position  of  the  branchial  openings  known. 

Astraspis,  and  its  contemporary  Eriptyehius,  from  the  Ordovician  Harding  Sandstone  of  North 
America  are  also  forms  with  dermal  armour  made  up  of  tesserae.  Although  more  commonly  known 
from  isolated  tesserae  of  various  types,  three  articulated  specimens  are  known.  The  single 
articulated  specimen  of  Eriptyehius  reveals  little,  but  the  two  of  Astraspis  are  sufficiently  complete 
to  provide  the  basis  for  a reconstruction  (Elliott  1987). 

The  dorsal  armour  of  the  cephalothoracic  region  of  Astraspis  is  composed  of  a number  of 
polygonal  tesserae,  each  ornamented  with  numerous  tiny  tubercles.  Distinctive  ridge  plates,  each 
strongly  keeled,  are  aligned  to  form  a median  and  two  pairs  of  lateral  crests.  Short  grooves  which 
cross  the  dorsal  surface  of  some  of  the  tesserae  have  been  interpreted  as  lateral  line  canals  (0rvig, 
in  Stensio  1958).  Most  of  the  polygonal  tesserae  have  a distinctly  conical  shape,  with  a single  apical 
tubercle  around  which  the  smaller  tubercles  are  grouped.  Denison  (1967)  referred  to  this  as  a 
'primordial  cluster’  and  described  how  the  tesserae  grew  in  area  by  marginal  addition,  and  in 
thickness  by  apposition  of  successive  generations  of  tubercles  on  the  surface.  Such  growth 
apparently  continued  throughout  life  and  was  accompanied  by  a limited  amount  of  resorption  and 
reformation  of  the  bone.  It  is  noteworthy  that  the  simple  structure  with  a single  'primordial  cluster’ 
is  not  shared  by  the  ridge  plates  or  the  lateral  line  plates.  In  the  former,  there  may  be  a single 
longitudinal  ridge,  or  a row  of  tubercle  clusters;  the  lateral  line  plates  are  similarly  composite, 
having  as  many  as  seven  of  the  prominent  tubercles.  These  patterns  are  particularly  clear  in  the  first 
of  the  articulated  specimens  to  have  been  described,  USNM  8121,  which  is  regarded  by  Denison 
(1967)  as  a young  individual.  Some  of  the  tesserae  are  more  closely  associated  than  others  but,  since 
neither  specimen  preserves  any  actual  bone,  it  is  impossible  to  determine  the  extent  of  the  fusion. 
Presumably,  if  marginal  growth  of  the  tesserae  occurred  throughout  life,  and  if  the  articulated 
specimens  both  represent  young  individuals,  the  tesserae  would  not  have  been  permanently  fused, 
if  at  all. 

Elliott’s  (1987)  recent  redescription  of  one  of  the  articulated  specimens  of  Astraspis  has  revealed 
that  the  dorsal  tesserae  grade  posteriorly  into  imbricated  polygonal  scales,  and  that  there  was  a 
ventro-lateral  series  of  tesserae  notched  by  a row  of  at  least  8 branchial  openings.  The 
reconstruction  shows  an  animal  which  is  quite  clearly  different  in  overall  morphology  from  the 
Canadian  genera  Aporemaspis,  Aserotaspis  and  Lepidaspis ; it  also  contrasts  with  the  other 
Ordovician  genera,  the  rather  anaspid-like  Arandaspis  from  Australia  (Ritchie  and  Gilbert- 
Tomlinson  1977)  and  Sacabambaspis,  from  Bolivia  (Gagnier  et  al.  1986).  The  systematic  position 
of  Astraspis  clearly  must  be  reassessed.  The  relationship  between  Astraspis  and  the  tessellated 
'heterostracans’  also  remains  uncertain;  and  in  the  absence  of  evidence  to  the  contrary,  we  must 
assume  that  they  had  a single  pair  of  branchial  openings.  Although  the  shape  and  ornamentation 
of  the  tesserae  of  Lepidaspis,  Aserotaspis,  and  Aporemaspis  are  quite  distinct,  there  are  broad 
similarities  in  overall  shape  and  organization  which  suggest  a possible  relationship  between  the 
three  Canadian  genera.  Tesseraspis,  Kallostrakon,  and  Oniscolepis  are  too  incompletely  known  for 
even  the  most  tentative  suggestion  to  be  made  about  their  affinities,  although  there  is  probably 
sufficient  material  available  in  museum  collections  to  permit  a more  detailed  study  of  Tesseraspis. 

In  conclusion,  we  would  suggest  that  Astraspis  be  excluded  from  the  Heterostraci  on  the  basis  of 
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its  multiple  branchial  openings  and  that  the  other  Ordovician  genera  should  likewise  be  excluded, 
though  they  are  less  well  known  at  present.  The  Lower  Devonian  genera  Lepidaspis , Aserotaspis , 
and  Aporemaspis  are  retained  within  the  Heterostraci  but,  though  they  probably  represent  a 
separate  family,  we  do  not  feel  that  it  can  be  adequately  characterized  at  present.  Tesseraspis , 
Kallostrakon , and  Onisco/epis  should  remain  within  the  Heterostraci,  but  retained  as  incertae 
familiae  pending  more  detailed  study. 
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EVOLUTION,  TAXONOMY  AND  RELATIONSHIPS 
OF  THE  SILURIAN  CONODONT  PT E RO S P AT H O DU S 

by  PEEP  MANNIK  CUld  RICHARD  J.  ALDRIDGE 


Abstract.  The  apparatus  of  Pterospathodus  species  comprises  Pa,  Pb,  Pc,  M and  Sa/Sb  elements.  A more 
complete  first  symmetry  transition  series  of  Sa-Sc  elements  occurs  in  some  related  species,  which  are  assigned 
to  a new  genus,  Pranognathus.  A sequence  through  the  celloni  and  amorphognathoides  biozones  of  Estonia  has 
been  sampled  in  detail,  allowing  documentation  of  sequential  changes  shown  by  Pterospathodus  populations. 
The  least  conservative  element  is  the  Pa,  in  which  gradual  trends  of  increasing  size,  lateral  process  development 
and  platform  development  prevail.  Morphological  differences  between  sinistral  and  dextral  specimens  in  the 
celloni  Biozone  include  a preferential  development  of  pennate  lateral  processes  on  dextral  elements ; pennate 
and  non-pennate  forms  previously  included  in  the  separate  taxa  Pterospathodus  celloni,  P.  pennatus  and 
P.  angulatus  are  conspecific  and  all  are  assigned  to  P.  celloni  (Walliser).  Pterospathodus  species  of  the 
amorphognathoides  Biozone:  P.  amorphognathoides  Walliser,  P.  procerus  (Walliser)  and  P.  rhodesi  Savage,  are 
distinguished  from  P.  celloni  by  the  presence  of  platform  ledges.  There  are  no  major  differences  between 
sinistral  and  dextral  elements  within  any  of  these  species. 


Species  of  the  genus  Pterospathodus  are  characteristic  and  biostratigraphically  important 
constituents  of  upper  Llandovery  and  lowermost  Wenlock  conodont  faunas  worldwide.  They  were 
first  described  from  the  Silurian  sequence  exposed  at  Mount  Cellon  in  the  Carnic  Alps  of  Austria 
by  Walliser  (1964),  who  applied  the  generic  name  to  a single  species,  Pterospathodus 
amorphognathoides.  Other  taxa  that  Walliser  assigned  initially  to  Spathognathodus  (S.  celloni , 
S.  pennatus  angulatus , S.  pennatus  pennatus , S.  pennatus  procerus)  and  then  to  a new  genus, 
Llandoverygnatlnis  (Walliser  1972),  were  subsequently  confirmed  to  be  close  relatives  of 
P.  amorphognathoides  and  transferred  to  Pterospathodus  (Klapper  and  Murphy  1974).  The  three 
subspecies  of  P.  pennatus  were  given  specific  status  by  Bischoff  (1986).  The  stratigraphic  value  of 
this  group  of  species  was  emphasized  by  Walliser  (1964),  who  included  successive  celloni  and 
amorphognathoides  biozones  in  his  pioneer  conodont  zonal  scheme  for  the  Silurian  System.  These 
two  zones  have  been  recognized  over  a wide  geographical  area  (see  e.g.  Jeppsson  1987)  in  strata  of 
early  Telychian  to  earliest  Sheinwoodian  age,  with  the  range  of  P.  amorphognathoides  particularly 
important  in  bracketing  and  aiding  correlation  of  the  base  of  the  Wenlock  Series  (Mabillard  and 
Aldridge  1985).  There  have  been  suggestions  that  morphological  changes  between  sequential 
populations  of  the  Pterospathodus  species  may  provide  a basis  for  subdivision  of  the  zones  and 
hence  for  more  refined  correlation  (e.g.  Brazauskas  1983,  Aldridge  and  Schonlaub  1989). 

Walliser  (1964)  applied  the  name  Pterospathodus  to  only  the  platform  element  of  the  species 
amorphognathoides , but  realized  that  other  elements  must  have  been  associated  with  this  in  a multi- 
element apparatus.  In  particular,  he  recognized  a consistent  association  with  specimens  he  called 
Ozarkodina  gaertneri  and  combined  the  two  in  his  ‘Conodonten-apparat  C\  also  noting  that 
‘ Spathognathodus ’ pennatus  procerus  could  have  occupied  the  platform  position  in  a similar 
apparatus.  Likewise,  ‘ Spathognathodus  ’ celloni , ‘ S. ' pennatus  angulatus  and  ' S. ' pennatus  pennatus 
were  alternative  platform  elements  in  an  apparatus  (‘Conodonten-apparat  B’)  that  also  contained 
specimens  of  Ozarkodina  adiutricis.  Additional  elements  of  both  apparatuses  were  subsequently 
identified  by  Barrick  and  Klapper  (1976),  who  applied  a locational  notation  to  the  different  element 
types  to  indicate  their  probable  relative  positions  in  the  apparatus  structure  (see  Sweet  1981).  The 
multi-element  reconstructions  given  by  Barrick  and  Klapper  (1976)  are  as  follows: 
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a.  Pterospathodus  amorphognathoides  Walliser:  P.  amorphognathoides  Walliser  (Pa  element),  O. 
gaertneri  Walliser  (Pb  element),  Neoprioniodus  triangularis  triangularis  Walliser  (M  element), 
N.  costatus  costatus  Walliser  (S  element); 

b.  Pterospathodus  celloni  Walliser:  P.  celloni  (Walliser)  (Pa  element),  O.  adiutricis  Walliser  (Pb 
element),  N.  triangularis  tenuirameus  (M  element),  N.  costatus  paucidentatus  (S  element). 

A fifth  element  in  both  apparatuses  is  represented  by  specimens  referred  to  Roundya  brevialata 
Walliser,  occupying  an  Sa/Sb  position  (Jeppsson  1979;  Mabillard  and  Aldridge  1983);  few 
specimens  of  this  element  show  true  bilateral  symmetry.  The  quinquemembrate  reconstructions  for 
the  two  species  are  shown  in  text-fig.  1.  The  ‘S’  element  of  Barrick  and  Klapper  (1976)  does  not 
appear  to  be  associated  in  a transition  series  with  the  Sa/Sb  element,  but  is  linked  with  the  Pa,  Pb 
and  M elements  in  a ‘second  transition  series’  in  the  sense  of  Barnes  et  al.  (1979).  Aldridge  (1985) 
referred  to  this  element  as  a Pb/M  intermediate,  but  to  indicate  that  it  is  a distinct  element  within 
the  apparatus  we  propose  to  employ  the  designation  ‘Pc’.  This  element  has  morphological 
similarities  to  elements  that  have  been  termed  ‘Pb’  in  some  genera  (e.g.  Icriodella). 


text-fig.  1.  The  quinquemembrate  apparatuses  of  Pterospathodus  celloni  and  P.  amorphognathoides , all 
specimens  x40.  a— F,  P.  celloni  (Walliser)  from  horizon  10J,  Cellon  Section,  Carnic  Alps,  Austria  (see  Walliser 
1964,  pi.  1);  a,  b,  lateral  and  upper  views  of  Pa  element,  specimen  x 1066;  c,  lateral  view  of  Pb  element, 
specimen  x 1067;  d,  lateral  view  of  Pc  element,  specimen  x 1068;  e,  lateral  view  of  M element,  specimen 
x 1069;  F,  posterior  view  of  Sa/Sb  element,  specimen  x 1070.  g-l,  P.  amorphognathoides  Walliser  from  sample 
127/5,  Wych  Formation,  Birches  Farm  Lane,  West  Malvern,  England,  NGR  SO  7603  4685;  G,  h,  lateral  and 
upper  views  of  Pa  element,  specimen  x 1071 ; i,  lateral  view  of  Pb  element,  specimen  x 1072;  J,  lateral  view  of  Pc 
element,  specimen  x 1073;  k,  lateral  view  of  M element,  specimen  x 1074;  l,  posterior  view  of  Sa/Sb  element, 
specimen  x 1075.  Repository  of  specimens:  British  Museum  (Natural  History),  London. 


There  have  been  suggestions  that  other  elements  were  also  included  in  the  Pterospathodus 
apparatus.  In  particular,  Jeppsson  (1979)  considered  the  plexus  of  elements  normally  referred  to 
multi-element  Carniodus  carnulus  Walliser  to  be  additional  components.  There  are  strong  reasons 
for  this  suggestion:  Carniodus  and  Pterospathodus  are  consistent  associates,  especially  in  the 
amorphognathoides  Biozone,  and  morphological  developments  in  the  two  genera  were  also 
sometimes  concurrent.  For  example,  the  acquisition  of  ledges  beneath  the  denticle  rows  of  the  Pa 
and  Pb  elements  is  one  character  that  separates  Pterospathodus  taxa  of  the  amorphognathoides 
Biozone  from  those  of  the  preceding  celloni  Biozone;  some  associated  Carniodus  elements  show  a 
contemporaneous  development  of  similar  ledges.  However,  the  evidence  of  association  is  less 
compelling  for  Pterospathodus  species  of  the  celloni  Biozone,  where  Carniodus  is  often  only 
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represented  by  very  small  numbers  of  specimens.  For  example,  Walliser  (1964,  table  2)  recorded 
only  sporadic  Carniodus  elements  in  the  celloni  Biozone  of  the  Carnic  Alps,  whereas  they  are  present 
in  all  samples  from  the  amorphognathoides  Biozone.  Other  comparable  records  include  those  of 
Aldridge  (1972,  tables  I-IV),  who  found  only  13  Carniodus  elements  in  samples  with  223  Pa 
specimens  of  P.  celloni  and  P.  pennatus,  and  of  Barrick  and  Klapper  (1976,  table  1),  whose  sample 
with  61  Pa  elements  of  P.  celloni  contained  only  one  Carniodus  specimen.  Klapper  and  Murphy 
(1974,  p.  28)  considered  the  possibility  that  Carniodus  elements  should  be  included  in  the  P.  celloni 
apparatus,  but  concluded  that  such  a speculation  was  not  supported  by  their  material  from  Nevada. 
The  available  evidence  thus  suggests  that  the  apparatus  of  Carniodus  is  separate  from  that  of 
Pterospathodus. 

However,  more  recently  Bischoff  (1986)  has  suggested  that  one  of  the  elements  normally  referred 
to  the  Carniodus  apparatus,  Neoprioniodus  subcarnus  Walliser,  is  in  fact  the  M element  of  P.  celloni. 
This  conclusion  is  based  on  his  assignment  to  a similar  element  of  the  M position  of  a presumed 
direct  ancestor  of  P.  celloni , P.  cadiaensis  Bischoff.  The  distributional  evidence  from  the  Carnic 
Alps,  Britain  and  Oklahoma,  cited  above,  is  inconsistent  with  this  proposal,  as  are  the  strong 
morphological  similarities  between  lN.  subcarnus ’ and  the  other  elements  of  the  Carniodus 
apparatus  (see  Walliser  1964;  Barrick  and  Klapper  1976).  It  is  pertinent  to  note  that  Bischoff  (1986) 
retained  M elements  of  the  ‘ Neoprioniodus  triangularis  ’ type  in  the  apparatuses  of  P.  pennatus  and 
P.  amorphognathoides.  If ‘TV.  subcarnus ’ should  be  shown  to  be  an  element  of  Pterospathodus , it  is 
more  likely  to  have  occupied  an  Sc  than  an  M position. 

The  P.  celloni/ P.  pennatus  group  has  long  been  considered  to  be  directly  ancestral  to  P. 
amorphognathoides  (e.g.  by  Walliser  1964),  but  the  evolutionary  transition  has  never  been  fully 
documented.  Rich  new  collections  from  continuous  upper  Llandovery  and  lower  Wenlock 
sequences  are  now  available  from  Estonia,  allowing  description  and  re-evaluation  of  the  changes 
displayed  by  Pterospathodus  populations  through  this  interval. 


STRATIGRAPHIC  SEQUENCES  WITH  PTEROSPATHODUS  FAUNAS 

Estonia 

Specimens  of  the  types  previously  referred  to  the  three  taxa  P.  celloni,  P.  pennatus  and  P. 
amorphognathoides  are  common  in  Estonia.  They  occur  in  the  Velise  Formation  of  the  Adavere 
Stage  (upper  Llandovery)  and  the  lowermost  beds  of  the  Jaani  Stage  (lower  Wenlock).  This 
stratigraphic  interval  represents  a major  marine  transgression,  during  which  open-shelf  grey-green 
marlstones  with  rare  carbonate  nodules  and  muddy  marlstones  were  deposited.  Occasional 
carbonate  interbeds  occur  in  the  lower  part  of  the  Velise  Formation  (text-fig.  2).  Abundant 
conodont  elements  have  been  recovered  from  all  lithologies. 

The  most  complete  sequence  of  samples  is  from  the  Johve  borehole  in  western  Estonia.  Here,  the 
celloni  Biozone  spans  25  m (85  0-60  0 m)  and  the  amorphognathoides  Biozone  13  m (60  0— 
47-0  m).  Thirty-one  samples  have  been  examined  from  this  section  (text-fig.  2).  The  dip  is  close  to 
horizontal,  so  the  borehole  thicknesses  represent  true  sediment  thicknesses.  Beneath  the  lowest 
occurrence  of  P.  celloni , conodont  specimens  are  fragmentary  and  sparse,  but  above  the  last  P. 
amorphognathoides  conodonts  continue  to  occur  in  abundance.  Small  specimens  of  O.  sagitta 
rhenana  (Walliser),  a stratigraphically  important  lower  Wenlock  subspecies  (see  Aldridge  and 
Schonlaub  1989),  are  found  sporadically  from  40-2  m upwards. 

The  greatest  morphological  variation  in  the  Pterospathodus  types  is  shown  by  the  Pa  elements. 
These  may  be  broadly  categorized  as  of  ‘celloni’,  ‘angulatus’,  ‘pennatus’,  ‘procerus’  or 
‘amorphognathoides’  morphology.  The  ‘celloni’  forms  lack  denticulate  lateral  processes,  the 
pennate  (‘angulatus’,  ‘pennatus’  and  ‘procerus’)  forms  have  a single  or  double  branched  lateral 
process,  and  the  ‘amorphognathoides’  forms  have  a double  branched  process  (text-fig.  3).  We 
follow  Barrick  and  Klapper  (1976)  in  regarding  the  side  bearing  the  process  as  the  outer  side.  Where 
two  branches  are  present,  the  posterolateral  one  is  always  much  the  shorter.  In  typical  specimens 
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of  P.  amorphognathoides  and  of  those  referred  to  P.  pennatus  procerus,  a ledge-like  platform  is 
developed  beneath  the  denticle  row  on  the  blade  and  on  the  lateral  process;  in  P.  pennatus  procerus 
the  process  has  only  one  branch.  There  is  some  difficulty  in  distinguishing  between  specimens  of 
" celloni ' and  ‘ pennatus  ’ in  which  the  lateral  flare  or  process  has  been  damaged  or  lost,  but  otherwise 
most  specimens  can  be  readily  categorized.  The  numbers  of  each  type  in  each  of  the  thirty-one 
borehole  samples  are  given  in  Table  1. 


table  1.  Numbers  of  sinistral  and  dextral  specimens  of  the  ‘celloni’,  pennate  and 
‘amorphognathoides’  morphotypes  of  Pterospathodus  in  the  Johve  borehole  sequence 


Sample  Depth  (m) 

celloni 

sinistral  dextral 

pennate 

sinistral  dextral 

amorphognathoides 
sinistral  dextral 

1 

47-05-47- 15 

5 

9 

2 

47-90-48-00 

2 

12 

12 

3 

49-25^9-35 

1 

i 

9 

2 

4 

50  15-50-25 

4 

i 

35 

47 

5 

53-00-53-20 

19 

24 

6 

54-20-54-30 

i 

14 

21 

7 

54-70-54-85 

22 

23 

8 

54-90-55-05 

5 

16 

16 

9 

56-80-56-90 

2 

1 1 

10 

58-80-59-00 

3 

1 

11 

59-80-59-95 

4 

8 

12 

62-25-62-35 

? 

6 

8 

13 

64-00-64-20 

1 

1 

1 

14 

64-80-64-90 

22 

6 

1 

9 

15 

65-80-65-90 

4 

2 

3 

16 

66-80-66-90 

20 

10 

4 

12 

17 

67-50-67-60 

5 

3 

1 

5 

18 

69-30-69-40 

24 

10 

1 

17 

19 

70-55-70-70 

10 

4 

3 

20 

71-40-71-50 

17 

5 

9 

21 

72-20-72-30 

30 

16 

2 

23 

22 

75-50-75-60 

32 

9 

2 

9 

23 

76-80-76-90 

52 

14 

6 

38 

24 

77-80-77-90 

19 

8 

3 

22 

25 

79-80-79-90 

44 

9 

14 

32 

26 

81  30-81  50 

82 

28 

32 

27 

82-20-82-30 

152 

102 

41 

28 

83-25-83-30 

1 

29 

84-30-84-40 

8 

6 

2 

30 

84-50-84-60 

8 

4 

7 

31 

84-70-85-00 

5 

2 

6 

Representative  specimens  of  Pterospathodus  Pa  elements  through  the  Johve  borehole  are  shown 
in  text-fig.  2.  Some  general  trends  are  apparent:  primarily  an  increase  in  size,  in  lateral  process 
development  and  in  platform  development  up  the  sequence.  Pennate  elements  occur  throughout  the 
celloni  Biozone,  but  are  represented  predominantly  by  ‘angulatus’  morphotypes  in  the  lower  part 
and  ‘pennatus’  morphotypes  towards  the  top.  Some  of  the  higher  ‘pennatus’  specimens  display  an 
incipient  second  branch  to  the  lateral  process  in  the  form  of  a small  lobe  bearing  a single  nodose 
denticle.  In  the  uppermost  beds  a characteristic  pennate  morphotype  is  present  with  wider,  broader 
lips  to  the  basal  cavity  and  a double  branched  outer  lateral  process  in  which  both  the  longer  and 
shorter  branches  are  directed  somewhat  anteriorly. 


7 
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text-fig.  2.  Sample  horizons  in  the  Johve  borehole,  west-central  Estonia,  and  examples  of  the  Pa  elements  of 
Pterospathodus  through  the  sequence;  scale  1 cm  = 2 m.  Lithological  key:  1,  clayey  marl;  2,  calcitic  marl  with 
nodules  ol  argillaceous  mudstone;  3,  dolomitic  mudstone  with  dolomite  nodules;  4,  fine  bioclastic  nodular 
limestone  with  trace  fossils;  5,  fine  bioclastic  nodular  limestone;  6,  nodular  limestone;  7,  fine  to  coarse 
bioclastic  limestone;  8 A,  discontinuity  surface;  8B,  metabentonite;  9,  sample  horizon. 
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text-fig.  3.  Morphotypes  of  Pterospathodus  Pa  elements  represented  in  the  Johve  borehole,  all  upper  views 
x 50.  a,  ‘celloni’,  specimen  Cn  5052,  82-2-82-3  m;  b,  ‘angulatus’,  specimen  Cn  5053,  77-8-77-9  m;  c, 
‘pennatus’,  specimen  Cn  5054,  77-8-77-9  m;  d,  ‘procerus’,  specimen  Cn  5055,  47-9-48-0  mm;  E, 
‘amorphognathoides’,  specimen  Cn  5056,  47-9-48  0 m.  Repository  of  specimens:  Institute  of  Geology, 

Tallinn. 

The  Pa  elements  in  individual  apparatuses  of  the  ‘celloni  ’/‘pennatus’  types  did  not  form  mirror- 
image  pairs.  In  sinistral  elements  the  blade  is  characteristically  arc-shaped  in  lateral  view,  with  the 
higher  denticles  towards  the  posterior  end.  Some  specimens  have  well-developed  cusps.  In  the  upper 
part  of  the  celloni  Biozone,  where  the  specimens  are  larger,  the  denticles  are  somewhat  lower  in  the 
middle  of  the  blade  and  higher  at  each  end.  Many  of  the  sinistral  specimens  are  broken,  but  it  is 
nevertheless  apparent  that  pennate  forms  are  relatively  rare.  Dextral  elements  differ  from  the 
sinistral  forms  in  that  the  higher  denticles  are  at  the  anterior  end  of  the  blade.  The  denticle  row  is 
lowest  at  the  point  of  junction  with  the  outer  lateral  lobe  or  process.  The  inner  lateral  lobe  is  less 
prominent  than  in  sinistral  forms  and  is  lacking  in  some  specimens.  Although  again  several 
specimens  are  broken,  it  is  noteworthy  that  the  majority  of  elements  with  a well-developed  and 
preserved  pennate  process  are  of  the  dextral  form.  This  pattern  is  evident  throughout  the  celloni 
Biozone  (Table  1),  with  pennate  morphologies  being  represented  by  only  dextral  specimens  in  the 
lower  part. 

Dextral  specimens  broadly  resembling  the  Pa  element  of  P.  amorphognathoides  occur  as  low  as 
sample  25  and  become  more  common  from  sample  16  upwards.  The  first  true  P.  amorphognathoides 
Pa  elements,  with  clearly-developed  though  very  narrow  platform  ledges,  are  found  in  sample  1 1, 
showing  that  the  base  of  the  amorphognathoides  Biozone  should  be  placed  between  samples  1 1 and 
12.  Throughout  the  amorphognathoides  Biozone  there  are  sporadic  occurrences  of  single  branched 
specimens  of  the  ‘procerus’  morphotype.  Elements  of  both  types  show  an  increase  in  maximum  size 
and  a gradual  widening  of  the  platform  ledges  through  the  biozone.  A similar  sequence  has  been 
reported  from  Lithuania  by  Brazauskas  (1983),  who  referred  the  stratigraphically  lower,  smaller 
‘amorphognathoides’  forms  with  narrow  platforms  to  P.  amorphognathoides  lithuanicus  Bra- 
zauskas, and  the  stratigraphically  higher,  larger  and  broader  forms  to  P.  amorphognathoides 
amorphognathoides  Walliser.  In  the  Johve  borehole,  the  highest  specimens  are  very  large,  with  broad 
platforms  and  incipient  inner  lateral  processes.  The  disappearance  of  Pterospathodus  in  the 
sequence  is  very  abrupt  and  no  specimens  occur  above  47  m.  Elsewhere  in  Estonia,  and  in  Lithuania, 
especially  where  the  sediments  indicate  a deeper  water  environment,  the  highest  broad  platforms  are 
succeeded  for  a short  interval  by  small  pennate  specimens  with  narrow  platforms,  before  final 
disappearance  of  the  Pterospathodus  lineage. 

In  contrast  to  the  elements  of  the  celloni  Biozone,  there  is  no  clear  disparity  in  the  development 
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of  lateral  processes  on  sinistral  and  dextral  amorphognathoides  Biozone  specimens.  In  P. 
amorphognathoides  both  sinistral  and  dextral  forms  have  relatively  high  denticles  at  the  anterior  end 
of  the  blade,  although  these  tend  to  be  more  prominent  on  the  dextral  member. 

Mount  Cel  Ion,  Carnic  Alps,  Austria 

The  type  specimens  of  all  the  Pterospathodus  taxa  named  by  Walliser  (1964)  are  from  the  Silurian 
sequence  exposed  on  Mount  Cellon  in  the  Carnic  Alps.  Here,  the  celloni  Biozone  is  represented  by 
just  2-4  m of  strata  and  the  amorphognathoides  Biozone  is  only  1-2  m thick  (Walliser  1964).  It  is~ 
possible  that  the  lowest  samples  with  P.  celloni  do  not  represent  the  bottom  of  the  stratigraphic 
range  of  the  species,  as  they  overlie  a hiatus  in  the  succession  (Schonlaub  1971 ).  However,  the  tables 
presented  by  Walliser  (1964)  record  P.  celloni  specimens  only  in  the  upper  1-5  m (samples  10-10J) 
of  the  zone.  Within  this  interval,  the  lowest  beds  contain  ‘celloni’  morphotypes  and,  in  a single 
sample  ( 10B),  pennate  specimens  of  the  ‘angulatus  ’ morphotypes.  Walliser  ( 1964,  p.  79)  recovered  22 
pennate  specimens  from  this  level,  but  did  not  give  relative  numbers  of  sinistral  and  dextral  forms. 
His  illustrations  (Walliser  1964,  pi.  14,  figs.  19-22)  show  two  sinistral  and  two  dextral  specimens. 
The  ‘celloni’  morphotypes  illustrated  by  Walliser  (1964,  pi.  14,  figs.  3-  16)  and  present  in  samples 
from  Cellon  collected  by  one  of  us  (R.J.  A.)  show  the  same  clear  distinctions  in  blade  morphology 
between  sinistral  and  dextral  specimens  as  recognized  in  the  Estonian  populations.  Higher  in  the 
celloni  Biozone  (samples  10C/D-10H/J)  the  ‘celloni’  morphotye  is  accompanied  by  pennate 
specimens  of  the  ‘pennatus’  morphotype,  but  again  there  is  no  record  of  relative  sinistral/dextral 
numbers. 

The  base  of  the  amorphognathoides  Biozone  at  Cellon  is  sharp,  with  the  lowest  Pa  specimens  of 
P.  amorphognathoides  showing  quite  well-developed  platform  ledges.  There  is,  however,  a gradual 
increase  in  size  up  the  biozone,  accompanied  by  a broadening  of  the  platform  ledges  and  an 
increase  in  the  lengths  of  both  branches  of  the  outer  lateral  process.  The  upper  boundary  of  the 
biozone  is  also  sharp.  Pennate  specimens  of  the  ‘procerus’  morphotype  occur  sporadically 
throughout  the  biozone,  with  a single  specimen  from  the  topmost  sample  (12 A)  showing,  in 
addition  to  the  outer  lateral  process,  a short  denticulate  inner  lateral  process  directed  perpendicularly 
from  the  blade  (Walliser  1964,  pi.  15,  fig.  7). 

Britain 

No  complete  sequences  covering  the  stratigraphic  range  of  Pterospathodus  have  been  recorded  from 
Britain.  Scattered  samples  containing  P.  celloni,  mostly  in  association  with  pennate  morphotypes, 
have  been  collected  from  the  upper  Llandovery  (Telychian)  of  the  Welsh  Borderland  (Aldridge 
1972,  1975).  The  largest  collection  is  from  the  Wych  Formation  of  Gullet  Quarry  in  the  Malvern 
Hills  (sample  Gullet  4 of  Aldridge  1972),  with  a total  of  193  well-preserved  specimens  of  the  Pa 
element.  Of  these,  92  are  of  the  sinistral  member,  only  three  of  which  show  any  development  of  an 
outer  lateral  process.  Of  the  101  dextral  specimens,  47  have  well-developed  processes  and  on  a 
further  5 there  is  an  incipient  process.  Thus,  as  in  the  Estonian  material,  it  appears  that  some 
individuals  in  the  celloni  population  must  have  possessed  a pennate  dextral  Pa  element  and  a non- 
pennate  sinistral  element.  In  the  Gullet  sample,  the  pennate  forms  are  close  to  the  ‘angulatus’ 
morphotype  and  the  sample  is  probably  from  low  in  the  celloni  Biozone.  Differences  in  blade  profile 
between  dextral  and  sinistral  forms  are  less  marked  than  in  the  Estonian  material,  although  some 
dextral  specimens  do  have  high  denticles  at  the  anterior  end. 

The  boundary  between  the  celloni  and  amorphognathoides  Biozones  is  exposed  at  the  international 
stratotype  section  for  the  base  of  the  Wenlock  Series  at  Leasows,  Shropshire  (Mabillard  and 
Aldridge  1985).  Of  the  celloni  Biozone,  only  the  uppermost  part  is  represented  and  Pa  elements  of 
the  P.  celloni/ P.  pennatus  plexus  are  relatively  scarce  and  largely  broken.  However,  the  pennate 
forms  include  a morphotype  in  which  a bifurcating  process  is  separated  from  the  blade  by  a low, 
unornamented  area  ( P . pennatus  subsp.  nov.  of  Aldridge  1985,  p.  81,  pi.  31,  fig.  28).  Similar 
specimens  weere  reported  by  Aldridge  (1972,  pi.  3,  fig.  18)  from  beds  of  similar  age  at  the  nearby 
locality  of  Ticklerton ; these  were  originally  identified  as  P.  amorphognathoides,  but  lack  the 
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development  of  platform  ledges  diagnostic  of  that  species.  A few  specimens  from  Ticklerton  have 
a bifurcating  process  in  which  the  shorter  branch  curves  to  become  subparallel  to  the  longer  branch, 
as  is  also  apparent  in  some  specimens  from  the  top  of  the  celloni  Biozone  in  Estonia  (text-fig.  2, 
sample  12).  Most  Ticklerton  specimens  with  well-developed  pennate  processes  are  dextral;  in 
sinistral  elements  lateral  processes  are  lacking  or  short. 

In  the  Leasows  section.  Pa  elements  of  P.  amorphognathoides  appear  abruptly  70  cm  below  the 
top  of  the  Llandovery  (Mabillard  and  Aldridge  1985).  The  lowest  specimens  have  broad  platform 
ledges  and  there  is  little  evidence  of  size  increase  up-section.  The  highest  specimens  of  Pterospathodus 
in  the  sequence,  just  before  the  final  disappearance  of  the  genus,  are  all  diminutive,  as  in 
some  Estonian  sections.  A similar  occurrence  of  small  specimens  at  the  top  of  the  range  of 
P.  amorphognathoides  is  apparent  in  collections  from  the  Malvern  Hills. 

Other  areas 

Although  Pterospathodus  species  of  the  celloni  and  amorphognathoides  biozones  have  been  very 
widely  recorded,  there  are  no  other  successions  that  have  been  collected  or  reported  in  sufficient 
detail  to  determine  if  the  sequence  of  events  documented  above  is  repeated  elsewhere.  Some  records, 
however,  do  corroborate  parts  of  the  story.  For  example,  Klapper  and  Murphy  (1974)  recorded  P. 
angulatus  in  their  lowest  samples  from  the  celloni  Biozone  of  Nevada,  and  Jeppsson  (1979)  found 
small  Pterospathodus  specimens  at  the  top  of  the  range  of  the  genus  in  Gotland.  In  contrast,  Nakrem 
(1986)  reported  specimens  of  ' P.  pennatus  angulatus'  in  association  with  P.  amorphognathoides  in 
the  Vik  Formation  of  the  Oslo  Region,  Norway;  the  angulatus  specimens  were  not  illustrated  and 
the  record  needs  to  be  confirmed.  Recent  work  has  also  revealed  the  occurrrence  of  at  least  one 
additional  species  of  Pterospathodus , first  reported  as  P.  n.  sp.  A by  Stouge  and  Bagnoli  Stouge 
(1984)  from  Hall  Land,  North  Greenland.  Other  records  are  from  southeastern  Alaska  (P. 
amorphognathoides  rhodesi  of  Savage  1985),  the  Northwest  Territories,  Canada  (Over  and 
Chatterton  1987),  and  New  South  Wales,  Australia  (P.  latus  of  Bischoff  1986).  The  Pa  element  is 
readily  distinguishable  from  that  of  P.  amorphognathoides , with  a single-branched  outer  lateral 
process,  a lobelike,  normally  adenticulate,  inner  lateral  process,  and  a very  wide  platform  ledge 
with  upturned  margins  in  mature  specimens.  Although  this  morphotype  co-occurs  with 
P.  amorphognathoides  and  P.  procerus  in  Australia  and  Canada,  and  with  the  latter  in  Alaska  and 
Greenland,  it  clearly  represents  a distinct  population.  The  correct  name  is  Pterospathodus  rhodesi 
Savage,  1985.  The  remainder  of  the  apparatus,  as  reconstructed  by  the  cited  authors,  is  comparable 
with  that  of  P.  amorphognathoides.  This  is  confirmed  by  additional  material  we  have  examined  from 
Greenland,  where  a single  sample  (GGU  275048  from  Valdemar  Gluckstadt  Land,  processed  and 
brought  to  our  attention  by  Dr  H.  A.  Armstrong)  contains  bifurcate  as  well  as  pennate  nrorphotypes 
of  the  Pa  element  in  the  population  (text-fig.  4). 

EVOLUTIONARY  IMPLICATIONS 

Most  of  the  evolutionary  changes  shown  by  the  sequence  of  Pterospathodus  populations  appear  to 
have  been  gradual.  This  is  shown  particularly  by  the  Pa  element,  the  least  conservative  of  those  in 
the  apparatus.  Upwards  through  the  celloni  Biozone  the  relative  number  of  pennate  elements 
increases  steadily,  with  the  denticulate  process  being  first  developed  preferentially  by  dextral 
elements.  This  change  is  accompanied  by  a gradual  size  increase.  Pennate  specimens  with 
bifurcating  outer  lateral  processes  occur  in  populations  of  the  highest  celloni  Biozone,  with  the  onset 
of  very  narrow  platform  ledges  marking  the  first  true  populations  of  P.  amorphognathoides.  Above 
this,  a gradual  trend  of  size  increase  is  again  apparent,  accompanied  by  increasing  platform  ledge 
development.  It  is  clear  throughout  that  the  morphological  elaborations  are  not  simply  size- 
dependent,  as  equivalent  specimens  from  different  parts  of  the  sections  also  reveal  the  gradual 
sequence.  One  probable  punctuational  event  is  the  appearance  in  some  areas  of  P.  rhodesi , which  has 
much  broader  platform  ledges  than  other  coeval  morphotypes.  The  distribution  and  origins  of  this 
taxon  are  as  yet  uncertain,  but  it  is  unlikely  to  be  very  widely  spread,  as  it  is  unknown  from  many 
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text-fig.  4.  Specimens  of  the  Pa  element  of  Pterospathodus  rhodesi  Savage,  from  sample  GGU  275048, 
Valdemar  Gluckstadt  Land,  North  Greenland ; both  upper  views  x 50.  a,  dextral  specimen  with  bifurcate  outer 
lateral  process,  MGUH  18982;  B,  dextral  specimen  with  single-branched,  pennate  outer  lateral  process, 
MGUH  18983.  Repository  of  specimens:  Geologisk  Museum,  Copenhagen. 


of  the  areas  where  P.  amorphognathoides  is  common.  However,  its  occurrence  on  the  cratonic 
margins  of  Australia  and  Greenland  is  of  potential  importance,  as  these  are  regarded  as  having  been 
of  wide  longitudinal  separation  in  the  early  Palaeozoic  (Smith  et  al.  1973). 

The  detailed  sequence  of  populations  in  Estonia  refutes  the  phyletic  relationships  within 
Pterospathodus  postulated  by  Bischoff  (1986).  He  proposed  that  P.  celloni  and  P.  pennatus  were 
members  of  two  separate  lineages,  the  former  giving  rise  to  P.  procerus  and  the  latter  to  P.  rhodesi 
(=  P.  latus).  However,  we  have  demonstrated  that  ‘celloni’  and  ’pennatus’  morphotypes  occurred 
as  sinistral  and  dextral  elements  in  the  same  individuals,  and  the  differing  apparatus  structures 
proposed  by  Bischoff  (1986)  for  these  two  are  not  sustainable. 

TAXONOMIC  AND  NOMENCLATURAL  IMPLICATIONS 

It  is  clear  from  our  collections  that  Pterospathodus  angulatus , P.  celloni  and  P.  pennatus  are  not 
separate  taxa.  We  therefore  recommend  that  the  species  name  celloni  be  applied  to  all  celloni 
Biozone  populations.  It  may  well  be  possible  to  subdivide  this  species  into  chronological  subspecies, 
but  this  should  be  postponed  until  the  sequence  we  have  recognized  has  been  more  widely 
established  and  firm  critiera  for  the  division  documented.  We  would  point  out,  however,  that  there 
are  nomenclatural  restrictions  on  the  names  available  for  any  subspecies:  the  holotype  of 
P.  pennatus  is  from  the  same  sample  as  that  of  P.  celloni  (C10J  of  Walliser  1964)  and  pennatus 
is  evidently  a subjective  junior  synonym  of  celloni  at  species  and  subspecies  levels.  The  holotype  of 
P.  angulatus  is  from  horizon  Cl  OB  (Walliser  1964),  so  the  subspecies  name  angultus  may  be 
appropriate  for  low  celloni  Biozone  populations  containing  angulate  specimens.  Pending  a complete 
taxonomic  revision,  we  recommend  that  features  of  P.  celloni  populations  are  recorded  by  reference 
to  ‘celloni’,  ‘angulatus’  and  ‘pennatus’  morphotypes,  together  with  any  appropriate  terms  for 
additional  morphotypes.  This  may  not  be  an  ideal  solution,  but  there  are  always  problems  in 
subdividing  lineages  that  are  demonstrably  gradual  (see  e.g.  Sheldon  1987,  p.  563). 

The  relationship  between  P.  amorphognathoides  and  P.  procerus  is  less  obvious.  They  may 
genuinely  represent  separate  species  or  may  be  different  morphotypes  in  single  populations.  There 
is  currently  no  evidence  that  the  two  morphotypes  coexisted  in  any  single  individual,  so  for  the 
present  it  is  preferable  that  both  names  are  retained. 

The  possession  of  distinct  dextral  and  sinistral  Pa  elements  in  P.  celloni  may  be  considered  of 
sufficient  significance  for  the  species  to  be  alloted  to  a separate  genus.  However,  the  evolutionary 
continuity  with  P.  amorphognathoides  and  the  overall  similarity  of  apparatus  composition  between 
the  two  show  that  P.  celloni  is  correctly  accommodated  in  Pterospathodus. 
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BIOSTRATIGRAPHIC  IMPLICATIONS 

The  celloni  and  amorphognathoides  conodont  biozones  are  among  the  most  widely  recognized  in  the 
Silurian.  Their  usefulness  can  be  enhanced  by  subdivision  based  on  the  sequential  changes 
documented  here.  Thus  the  celloni  Biozone  comprises  a lower  part,  with  'celloni'  and  'angulatus' 
morphotypes,  and  an  upper  part,  in  which  'celloni'  and  'pennatus'  morphotypes  are  joined  by 
various  forms  with  bifurcating  outer  processes  but  not  platform  ledges.  The  boundaries  are 
gradational  and  cannot  be  precisely  defined,  so  we  recommend  that  these  subdivisions  be  used 
informally. 

The  base  of  the  amorphognathoides  Biozone  is  determined  by  the  first  appearance  of  specimens  with 
platform  ledges.  This  is  an  important  morphological  development,  both  for  taxonomy  and 
biostratigraphy.  Some  authors  have  considered  the  development  of  a bifurcate  process  to  be  a more 
important  feature  (e.g.  Bischoflf  1986),  but  occasional  pennate  specimens  throughout  the  celloni 
Biozone  have  a denticle  or  two  on  the  postero-lateral  outer  lobe  (e.g.  the ' angulatus  ’ specimen  figured 
by  Walliser  1964,  pi  14,  fig.  21).  By  restricting  the  diagnosis  of  P.  amorphognathoides  to  specimens 
with  ledges,  the  concept  of  an  amorphognathoides  Biozone  as  defined  by  Walliser  (1964)  is  retained, 
and  there  is  no  need  to  define  new  biozones  incorporating  other  taxa  (e.g.  the  Pterospathodus 
amorphognathoides  - P.  latus  Assemblage  Zone  of  Bischoflf  1986). 

Within  the  amorphognathoides  Biozone,  the  degree  of  development  of  platform  ledges  in  mature 
forms  generally  increases  upwards,  and  can  be  used  to  recognize  relative  position  within  the 
biozone.  It  may  appear  possible  to  use  the  subspecies  proposed  by  Brazauskas  (1983)  to  define  a 
lower,  lithuanicus , subzone  and  an  upper,  amorphognathoides , subzone,  but  the  division  between  the 
two  is  arbitrary  and  cannot  provide  a consistently  recognizable  boundary.  The  top  of  the 
Pterospathodus  range  can  often  be  identified  by  the  occurrence  of  diminutive  specimens.  This  last 
population,  if  widely  recognized,  may  merit  separate  taxonomic  status  and  may  provide  the  basis 
for  a useful  biozone  or  subzone. 

ORIGINS  AND  RELATIONSHIPS  OF  PTEROSPATHODUS 

Several  Llandovery  species  that  precede  the  appearance  of  P.  celloni  have  been  assigned  by  some 
authors  to  the  genus  Pterospathodus.  Among  these,  P.  cadiaensis  Bischoflf  was  regarded  by  Bischoflf 
(1986)  as  a direct  ancestor  of  P.  celloni.  The  Pa  element  of  P.  cadiaensis  (Bischoflf  1986,  pi.  28,  figs. 
13,  17-25)  has  a similar  lateral  profile  to  specimens  of  P.  celloni  and  comparable  offset  lateral  lobes, 
but  differs  in  the  larger  size  and  smaller  number  of  denticles  and  in  the  more  extensive  basal  cavity. 
A close  relationship  is  possible,  although  the  remainder  of  the  elements  assigned  to  the  P.  cadiaensis 
apparatus  by  Bischoflf  do  not  distinctly  resemble  their  counterparts  in  P.  celloni. 

A further  group  of  species  comprises  those  originally  designated  Aphelognathus  siluricus  by 
Pollock  et  at.  (1970),  Amorphognathus  tenuis  by  Aldridge  (1972)  and  Pterospathodus  posteritenius  by 
Uyeno  and  Barnes  (1983).  Partial  apparatus  reconstructions  have  been  published  for  all  these  taxa, 
the  most  complete  being  that  of  P.  posteritenuis  by  Uyeno  and  Barnes  (1983,  pi.  2,  figs.  1-1 1,  14-18). 
The  apparatus  of  A.  tenuis  is  illustrated  in  text-fig.  5,  from  rich  and  well-preserved  collections  from 
Severnaya  Zemlya  and  Britain.  The  three  species  differ  principally  in  the  development  of  lateral 
processes  on  the  Pa  element,  and  it  is  probable  that  the  complete  apparatuses  of  them  all  were 
comparable.  The  Pa,  Pb,  Pc  and  M elements  can  be  readily  homologized  with  those  of  P. 
amorphognathoides , but  show  several  differences,  one  being  the  development  of  deep,  broad  cavities 
in  the  Pa  and  Pb  elements.  A further  departure  from  P.  amorphognathoides  is  the  presence  of  an 
entire  first  symmetry  transition  series  of  Sa-Sc  elements.  Uyeno  and  Barnes  (1983,  p.  25)  noted  that 
for  P.  posteritenius  this  series  is  remarkably  complete,  and  we  recognize  a closely  comparable  suite 
of  elements  in  P.  tenuis.  These  observations  contrast  with  the  severely  reduced  first  series  in  P. 
celloni  and  P.  amorphognathoides,  where  only  an  Sa/Sb  element  has  been  identified. 

Although  an  ancestor  of  P.  celloni  may  exist  within  this  group,  the  three  species  share 
characteristics  of  element  morphology  and  apparatus  composition  that  set  them  apart  from  true 


MANNIK  AND  ALDRIDGE:  SILURIAN  CONODONT 


903 


text-fig.  5.  Pranognathus  tenuis  (Aldridge),  all  x 50.  a-t  from  sample  1 59-2  from  the  lower  part  of  the 
Vodopadnaya  Formation  exposed  in  the  Spokoinaya  River,  October  Revolution  Island,  Severnaya  Zemlya; 
a-c,  upper  views  of  Pa  element,  specimens  Cn  5057,  Cn  5058,  Cn  5059;  d,  lateral  view  of  Pb  element,  specimen 
Cn  5060;  e,  f,  lateral  and  upper  views  of  Pb  element,  specimen  Cn  5061 ; G,  h,  lateral  and  upper  views  of  Pb 
element,  specimen  Cn  5062;  i,  lateral  view  of  Pb  element,  specimen  Cn  5063;  j,  lateral  view  of  Pc  element, 
specimen  Cn  5064;  k,  upper  view  of  Pc  element,  specimen  Cn  5065;  l,  m,  inner  lateral  views  of  M element, 
specimens  Cn  5066,  Cn  5067;  n,  o,  posterior  views  of  Sa  element,  specimens  Cn  5068,  Cn  5069;  p,  posterior 
view  of  Sb  element,  specimen  Cn  5070;  Q,  r,  lateral  views  of  Pb  element,  specimens  Cn  5071,  Cn  5072;  s,  lateral 
view  of  Sc2  element,  specimen  Cn  5073 ; t,  lateral  view  of  Sq  element,  specimen  Cn  5074.  u-z  from  sample  40/3, 
lower  Pentamerus  Beds  of  New  House  Farm,  Marshbrook,  near  Church  Stretton,  Shropshire,  England,  NGR 
SO  4341  8982;  u,  upper  view  of  Pa  element,  specimen  x 1076;  v,  w,  lateral  and  upper  views  of  Pb  element, 
specimen  x 1077;  x,  upper  view  of  Pb  element,  specimen  x 1078;  y,  z,  lateral  and  upper  views  of  Pc  element, 
specimen  x 1079.  Repositories  of  specimens:  Institute  of  Geology,  Tallinn  (a-t);  British  Museum  (Natural 

History),  London  (u-z). 
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Pterospathodus.  We  propose  that  they  be  allocated  to  a separate  genus,  Pranognathus,  with  a type 
species  of  Amorphognathus  tenuis  Aldridge. 

Another  species  that  shares  common  features  with  Pterospathodus  and  Pranognathus  is  Icriodella ? 
sandersi  Mabillard  and  Aldridge  (1983,  p.  33,  pi.  2,  figs.  1-10).  The  apparatus  structure  is  closer 
to  that  of  Pterospathodus , but  a distinct  Pb  (as  against  Pc)  element  is  lacking,  as  in  other  species  of 
Icriodella , such  as  the  Ordovician  I.  superha  Rhodes  as  reconstructed  by  Bergstrom  and  Sweet 
(1966,  p.  337,  pi.  29,  figs.  1-11).  Similarities  between  the  apparatuses  of  Pterospathodus  and 
Icriodella  were  pointed  out  by  Mabillard  and  Aldridge  (1983),  and  Cooper  (1977)  suggested  that 
Icriodella  was  ancestral  to  Pterospathodus , but  it  is  impossible  to  demonstrate  a direct  link  between 
the  two. 

An  alternative  Ordovician  ancestor  of  Pterospathodus  is  Amorphognathus.  Jeppsson  (1979)  drew 
comparisons  between  the  two  genera,  emphasizing  similarities  in  the  Pa  elements.  He  also  noted  that 
in  Amorphognathus  the  Pa  element  pairs  do  not  form  mirror  images,  an  interesting  point  in  the  light 
of  our  observations  on  P.  celloni.  However,  there  are  considerable  differences  in  the  remainder  of 
the  apparatus,  Amorphognathus  having  a complete  four-element  Sa-Sd  first  transition  series,  but 
only  a three-element  second  transition  series  (see  Bergstrom  1971).  Greater  similarity  is  shown  by 
the  late  Ordovician  Gamachignathus  (McCracken  et  al.  1980),  which  has  a three-element  first 
transition  series  and  a four  element  second  series,  the  latter  differing  from  Pranognathus  in  having 
two  types  of  M element  and  no  Pc  (or  no  Pb)  element.  In  this  respect,  the  Gamachignathus  apparatus 
possibly  compares  with  that  of  early  Silurian  species  of  Icriodella , for  example  I.  discreta  Pollock 
et  al.  (see  Aldridge  and  Mohamed  1982,  pi.  1,  figs.  11-15). 

It  is  evident  that  Pterospathodus , Pranognathus  and,  possibly,  Silurian  species  of  Icriodella  shared 
a common  ancestor,  but  in  the  absence  of  an  Ordovician  species  with  homologous  Pa,  Pb,  Pc  and 
M elements  this  ancestry  remains  cryptic.  The  same  is  true  of  other  early  Silurian  genera  that 
have  been  included  in  the  family  Pterospathodontidae : Astropentagnathus , Aulacognathus  and 
Apsidognathus  (Cooper  1977;  Klapper  1981).  Complete  apparatus  reconstructions  of  Astro- 
pentagnathus and  Aulacognathus  have  yet  to  be  published,  while  the  internal  relationships  of  the 
elements  of  Apsidognathus  are  uncertain. 

SYSTEMATIC  PALAEONTOLOGY 
Genus  pranognathus  gen.  nov. 

Derivation  of  name.  From  the  initial  letters  of  Pollock,  Rexroad  and  Nicoll,  the  authors  who  first  described 
elements  of  this  genus. 

Type  species.  Amorphognathus  tenuis  Aldridge,  1972,  from  the  Pentamerus  Beds  (Aeronian  Stage,  Llandovery 
Series)  of  south  Shropshire,  England. 

Diagnosis.  Apparatus  octomembrate,  with  Pa,  Pb,  Pc,  M,  Sa,  Sb,  Sc,  and  Sc2  elements.  Pa,  Pb  and 
Pc  elements  with  broad,  deep  basal  cavities  and  low  cusps;  Pa  with  lateral  lobes  that  may  be 
developed  into  denticulate  processes;  Pb  pastinate.  Pc  pyramidal  with  a triangular  base.  M element 
with  a prominent  cusp  and  long,  denticulate  posterior  process,  S elements  with  short  processes. 

Discussion.  The  first  description  of  elements  here  referred  to  Pranognathus  was  by  Pollock  et  al. 
(1970),  who  described  Aphelognathus  siluricus  and  Ambalodus  anapetus  from  the  northern  Michigan 
and  Ontario  area.  A partial  reconstruction  was  provided  by  Cooper  ( 1 977,  p.  1 064),  who  recognized 
Pa,  Pb,  ‘M’  (=  Pc)  and  ‘S’  (=  Sa)  elements,  which  he  assigned  to  Llandovery gnathus  siluricus 
(Pollock  et  al.).  Uyeno  and  Barnes  (1983)  recognized  the  true  M element  of  this  species,  but  the 
apparatus  is  probably  as  yet  not  completely  known.  As  a complete  first  symmetry  transition  series 
of  Sa-Sc  elements  has  yet  to  be  demonstrated,  there  is  possible  doubt  that  Pranognathus  siluricus 
conforms  fully  to  the  diagnosis  above.  Therefore,  we  have  chosen  to  designate  A.  tenuis  as  the  type 
species. 
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ANNUAL  REPORT  OF  COUNCIL  FOR  1988 

Membership  and  Subscriptions.  Membership  totalled  1.275  on  31  December  1988,  a decrease  of  38  over  the 
previous  year.  There  were  804  Ordinary  Members,  a decrease  of  26;  73  Retired  Members,  an  increase  of  2;  109 
Student  Members,  a decrease  of  9,  and  289  Institutional  Members,  a decrease  of  5.  Total  individual  and 
institutional  subscriptions  to  Palaeontology  through  Basil  Blackwell's  agency  numbered  436,  an  increase  of  4. 

Subscriptions  to  Special  Papers  in  Palaeontology  numbered  109  individuals,  a decrease  of  9,  and  117 
Institutions,  an  increase  of  3.  Orders  through  Basil  Blackwell’s  agency  for  Special  Papers  totalled  198  volumes. 

Sales  of  backparts  of  Palaeontology  via  the  Membership  Treasurer  realized  £1 14-50.  Sales  of  back  numbers 
of  Special  Papers  in  Palaeontology  to  individuals  yielded  £1,018-21,  and  to  Institutions  £300  00. 

Almost  all  sales  of  the  Field  Guides  to  Fossils  series  resulted  from  the  activities  of  the  Marketing  Manager, 
Fossils  of  the  Chalk  yielding  £6,340,  Fossil  Plants  of  the  London  Clay , £951  and  Zechstein  Reef  Fossils  and  their 
Palaeoecology , £82-00.  The  Atlas  of  Invertebrate  Macrofossils  yielded  £81100  (£617-00  of  which  was  royalties 
from  sales),  the  Burgess  Shale  Portfolio  yielded  £53  00.  sales  of  PADS  guide,  £12  00  and  the  Malta  Field  Guide , 
£8-80.  Sales  of  Palstat  yielded  £82-00  in  royalties. 

Membership  subscription  via  Direct  Debiting  will  be  available  from  1 January  1990. 

Finance.  During  1988  the  Association  published  Volume  31  of  Palaeontology  at  a cost  of  £82,420  (including 
postage  and  distribution).  Parts  2 and  3 were  each  one  third  larger  than  usual  in  order  to  minimize  publication 
delay  for  an  unusually  high  concentration  of  accepted  papers.  Special  Papers  39  and  40  were  published  at  a 
cost  of  £7,006  and  £10,960  respectively  (including  postage  and  distribution).  Publication  of  Field  Guides  to 
Fossils  No.  2 ( Fossils  of  the  Chalk)  (published  December  1987)  cost  £9,950.  Field  Guides  to  Fossils  No.  3 
( Zechstein  Reef  Fossils  and  their  Palaeoecology)  was  published  at  a cost  of  £2,580.  The  Association  is  grateful 
to  all  those  who  made  donations  to  offset  the  cost  of  publishing  Palaeontology  Special  Papers,  especially  to  the 
Nature  Conservancy  Council  for  their  contribution  to  Special  Paper  40. 

Publications.  Volume  31  of  Palaeontology,  published  in  4 parts  during  1988,  contained  1,141  pages  and  99 
plates.  Special  Papers  39  ( Late  Cenomanian  and  Turonian  ammonite  faunas  from  north-east  and  central  Texas) 
and  40  (The  use  and  conservation  of  palaeontological  sites)  were  published  in  1988. 

Meetings.  Eleven  meetings  were  held  in  1988.  The  Association  is  indebted  to  the  organizers,  hosts  and  field 
leaders  of  these. 

a.  Review  Seminar  on  'The  palaeoecology  of  hard  substrata’,  held  on  10  February  at  the  British  Museum 
(Natural  History),  London,  and  convened  by  Dr  P.  D.  Taylor  and  Dr  T.  J.  Palmer.  Over  65  people 
attended. 

b.  Lyell  Meeting  held  jointly  with  the  Geological  Society,  on  ' Palaeocomputing : Keyboard  to  the  Past’, 
convened  by  Prof  B.  Funnell,  Dr  R.  Livermore  and  Dr  A.  Owen. 

c.  Thirty-first  Annual  General  Meeting  held  in  the  Lecture  Theatre  of  the  Geological  Society  of  London 
on  14  March.  Dr  Jens  Franzen  delivered  the  Annual  Address  on  'The  Eocene  Lake  of  Messel  and  its 
early  horses’.  The  Sylvester- Bradley  Award  was  made  to  R.  J.  Kennedy;  a Special  Award  was  made 
to  T.  McCann. 

d.  Exhibition  of  Dinosaurs  from  China.  The  Association  organized  a special  visit  to  this  exhibition,  guided 
by  Dr  Michael  Bassett,  on  26  March.  26  people  attended. 

e.  Field  Meeting  organized  by  the  Carboniferous  Group,  to  the  Dinantian  of  Belgium,  led  by  Prof.  R.  Conil, 
Dr  E.  Groessens,  Dr  D.  Hibo,  Dr  M.  Latour,  Prof.  A.  Lees  and  Dr  E.  Poty,  during  22-25  April.  A parly 
of  over  50  people  participated. 

f Progressive  Palaeontology  meeting,  an  open  meeting  for  presentations  by  research  students  was  held  at 
the  Open  University,  Milton  Keynes  on  1 8 May,  and  was  convened  by  Nicola  Swinburne.  It  was  attended 
by  40  people. 
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g.  Joint  Discussion  Meeting  with  the  Geological  Society  on  ‘Origins  and  evolution  of  the  Antarctic  Biota’. 
Discussion  meeting  held  on  24  and  25  May  at  the  Geological  Society.  Burlington  House.  Workshop  on 
‘The  Role  of  Antarctica  in  the  evolution  of  the  Earth’s  Biosphere’  held  at  the  British  Antarctic  Survey, 
Cambridge,  sponsored  by  the  British  Antarctic  Survey  and  the  Division  of  Polar  Programs  (National 
Science  Foundation).  The  meetings  were  convened  by  Dr  J.  A.  Crame. 

h.  Joint  Symposium  with  the  Geological  Society  and  the  International  Commission  on  the  Lithosphere  on 
‘Palaeozoic  biogeography  and  palaeogeography ’ held  on  14-19  August  in  Oxford  and  convened  by 
Dr  W.  S.  McKerrow  and  Dr  C.  R.  Scotese.  About  73  people  attended  the  meeting. 

i.  Field  Meeting  on  the  theme  of ‘Fossil  Taphonomy  and  Diagenesis'  in  central  and  north-east  England  on 
15-18  September  led  by  Dr  D.  M.  Martill  and  Dr  N.  Hollingsworth  and  attended  by  23  people. 

j.  Review  Seminar  on  ‘Taphonomy’  held  on  16  November  at  the  University  of  Bristol  and  convened  by 
Dr  D.  E.  G.  Briggs.  Nearly  100  people  attended  the  meeting. 

k.  The  Annual  Conference , held  at  the  University  of  Aston,  Brimingham  on  14-17  December  was  an  open 
meeting  attended  by  165  people.  The  Local  Secretary  was  Dr  A.  T.  Thomas.  Drs  A.  T.  Thomas  and 
K.  T.  Ratcliffe  led  the  field  excursion  to  the  Wenlock  Limestone  of  the  English  Midlands,  attended  by 
50  people.  The  President’s  Award  was  given  to  Sue  Rigby. 

Council.  The  following  members  served  on  Council  following  the  Annual  General  Meeting  on  14  March  1988. 
President , Dr  J.  D.  Hudson ; Vice-Presidents , Dr  L.  B.  Halstead,  Dr  P.  W.  Skelton ; Treasurer , Dr  M.  E. 
Collinson;  Secretary , Dr  P.  Wallace;  Membership  Treasurer , Dr  A.  T.  Thomas  (up  to  31  July),  Dr  H.  A. 
Armstrong  (from  I August);  Institutional  Membership  Treasurer , Dr  A.  W.  Owen;  Editors , Dr  D.  Edwards, 
Dr  M.  J.  Benton  (also  Public  Relations  Officer),  Dr  J.  E.  Dalingwater,  Dr  C.  R.  C.  Paul,  Dr  P.  A.  Selden, 
Dr  P.  D.  Taylor;  Marketing  Manager,  Dr  V.  P.  Wright;  Circular  Reporter,  Dr  D.  Palmer;  Other  Members, 
Dr  J.  A.  Crame,  Dr  G.  B.  Curry,  Dr  C.  Hill,  Dr  E.  A.  Jarzembowski,  Dr  R.  A.  Spicer. 

Council  Activities.  Council  has  continued  to  correspond  with  interested  bodies,  including  the  Government 
of  Hesse  and  Members  of  the  European  Parliament,  concerning  the  fate  of  the  Messel  pit  whose  fauna  was  so 
graphically  described  in  this  year’s  Annual  Address.  It  has  also  continued  to  be  concerned  about  the  long-term 
interests  of  palaeontology,  not  only  in  the  universities  in  the  wake  of  the  UGC  review,  but  also  in  the  British 
Museum  (Natural  History).  Council  has  also  supported  our  French  palaeontological  colleagues  in  their 
concern  about  replanning  in  the  Paris  Musee  Nationale  d’Histoire  Naturelle. 

Our  publication  Fossils  of  the  Chalk  won  the  general  paperback  section  of  the  British  Book  Exhibition, 
organized  jointly  by  the  Publishers’  Association  and  the  British  Printing  Industries  Federation.  New  titles  in 
the  Field  Guides  to  Fossils  Series  will  include  a volume  on  the  fossils  of  the  Wealden  and  the  fossils  of  the  Oxford 
Clay. 

During  the  year,  the  last  of  the  old  A4  format  Circular  was  published.  It  was  replaced  by  the  first  of  the  new 
A5  format  ‘ Palaeontology  Newsletter',  with  a card  cover,  which  will  contain  a wider  coverage  of 
palaeontological  reports,  news  and  comment  and  should  have  a longer  ‘shelf  life’. 

Negotiations  for  a new  series  of  books,  ‘ Frontiers  in  Palaeobiology ’ have  been  completed  and  the  first 
volume  should  be  published  in  1989.  This  will  be  a high-class  hard-back  series  aimed  chiefly  at  the  postgraduate 
market. 

A varied  programme  of  meetings  has  been  planned  for  1989,  including  the  Lyell  Meeting,  held  jointly  with 
the  Geological  Society,  on  ‘Palaeoclimates’.  The  1990  Lyell  Meeting  will  be  on  ‘Event  Stratigraphy’.  The 
Annual  Conference  in  December  will  be  held  in  Liverpool.  Review  Seminars  will  be  held  on  ‘The 
Cretaceous/Tertiary  Boundary’,  ‘Physical  Modelling  in  Palaeontology’  and  ‘Macroevolution’.  The  Spring 
Field  Meeting  will  be  on  the  Jurassic  plants  of  Yorkshire  and  the  September  Field  Meeting  will  examine  the 
Chalk. 


BALANCE  SHEET  AND  ACCOUNTS 

FOR 

THE 

YEAR  ENDING  31  DECEMBER 

1988 
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1987 

£ 

£ 

£ 

52,359 

Investments  at  Cost  (see  schedule) 

Current  Assets 

2,087 

Sundry  Debtors  ........ 

6,596 

83,396 

Cash  at  bank  ......... 

28,966 

1,885 

Sylvester-Bradley  Fund  ....... 

2,476 

450 

Loans  .......... 

450 

— 

Stocks  at  valuation  ....... 

6,811 

87,791 

45,299 

Current  Liabilities 

3,450 

Subscriptions  received  in  advance  ..... 

3,060 

Provision  for  cost  of : 

17,324 

Palaeontology  ........ 

00,000 

11,465 

Special  Papers  ........ 

00,000 

3,669 

Sundry  creditors  ........ 
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35,908 

10,940 

51,883 

104,242 

Represented  by: 

Publications  Reserve  Account 
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Balance  brought  forward  ...... 

99,726 

Excess  of  expenditure  over  income  for  the  year  transferred  from 

8,949 

from  Income  and  Expenditure  Account  (1987)  surplus 

(16,701) 

99,726  - 

Sylvester-Bradley  Fund 

1,974 

Balance  brought  forward  ...... 

1,885 

111 

Interest  .......... 

86 

(200) 

Grant  awarded  ........ 

(200) 

— 

Donations  ......... 

705 

£ 

52,359 


34,359 

86,718 


83,025 


1,885 

2,631 


Meeting  Reserve 


2,476 

1,217 


104,242 


86,718 
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Income  and  Expenditure  Account  for  the  Year  Ended  31  December  1988 

INCOME 

1987 

£ 

Subscriptions 

1988  

1987  

42,669 

Palaeontology 

Sales  ........... 

Donations  .......... 

34,630 

Special  Papers 

Sales  ........... 

Donations 

7,048 

Burgess  Shale  Portfolio 

88  Sales 

Fossil  Plants  of  the  London  Clay 

340  Sales 

Fossils  of  the  Chalk 

Sales  ........... 

Zechstein  Reef  Fossils 

Sales  

Atlas  of  Invertebrate  Macrofossils 

1,560  Sales  . 

Palstat 

Income-  ........... 

Expenses  ...  

(592) 

(73)  Offprints  

480  Profit  on  Sales  of  Investments 

12,617  Investment  Income  (see  schedule) 

50  Sundry  Income 

£98,817 


£ £ 

39,088 

745 

39,833 

32,140 

2,086 

34,226 

7,729 

3,563 

11,292 

53 

951 

6,340 

82 

811 

82 


82 

(201) 

10,153 

54 

£103,676 
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EXPENDITURE 

1987 

£ 

Cost  of  Publication  of  Palaeontology 
Volume  31  - Part  I 

Part  2 ...  . 

Part  3 

Part  4 ...  . 

67,681 

Cost  of  Publication  of  Special  Papers 

No.  39 

No.  40 

Postage  re  back  issue  sales 

11,421 

Fossils  of  the  Chalk 
Cost  of  publication  .... 

Stocks  at  valuation  .... 

Advertising  ...... 

Zechstein  Reef  Fossils 
Cost  of  publication 
Stocks  at  valuation  ... 
Advertising  ...... 

2,666  Warehousing  of  Publications 

100  Grants 

Cost  of  Circulars 

Preparation  ...... 

Postage  ....... 

Credit  ....... 

3,402 

Administrative  Costs 

Postage,  stationery,  telephone 
Editorial  expenses  ..... 
Meeting  expenses  ..... 
Audit  fee  ..... 
Stockbroker  fee  .... 
Membership  of  Societies 

4,598 


£89,868 


Excess  of  Expenditure  over  Income  for  the  Year  Transferred  to 
Publications  Reserve  Account  (1987  surplus). 

8,949 


£ £ 


17,249 

23,777 

23,995 

17,399 

— 

82,420 

7,006 

10,960 

72 

— 

18,038 

9,950 

(5,564) 

643 

— 

5,029 

2,580 

(1,247) 

33 

— 

1,366 

2,499 

250 

2,998 

1,364 

(495) 

3,867 

1,760 

992 

3,323 

275 

498 

60 

6,908 


£120,377 


£(16,701) 
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Schedule  of  Investments  and  Investment  Income  as  at  31  December  1988 


Gross  Income 

Cost 

for  Year 

£ 

£ 

£2,000 

11%  Exchequer  Stock  1991 

1,991 

220 

£1,000 

9%  Treasury  Stock  1992/96  ........ 

992 

90 

£10,000 

9%  Treasury  Stock  1994  ......... 

9,943 

900 

£4,000 

8%  Treasury  Stock  2002/6  

2,192 

320 

£5,357 

13}%  Treasury  Stock  1997  ........ 

5,000 

710 

£3,280 

13}%  Exchequer  Stock  1996  ........ 

3,000 

434 

5,270 

M & G Charifund  Units  ......... 

4,073 

1,581 

1 ,400 

Clarke,  Nicholls  & Coombs  p.l.c.  25p  Shares  ..... 

668 

70 

6,180 

M.E.P.C.  p.l.c.  6-j  Convertible  Unsecured  Loan  Stock  1995/2000 

4,943 

402 

374 

M.E.P.C.  p.l.c.  25p  shares  . ........ 

703 

67 

1,140 

National  Westminster  Bank  p.l.c.  £1  Ordinary  Shares 

3,929 

390 

10,150 

Agricultural  Mortgage  Corporation  Ltd.  7|%  Debenture  Stock 

1991/93  

8,251 

787 

10,000 

New  Throgmorton  Trust  (1983)  p.l.c.  25p  Income  Shares  . 

1,706 

739 

1,460 

Saatchi  & Saatchi  6-3%  Convertible  Cumulative  Redeemable 

Preference  £1  Shares  ......... 

1,994 

123 

£2,100 

Hanson  Trust  p.l.c  10%  Convertible  Unsecured  Loan  Stock 

2007/12.  ' 

2,974 

210 

7,043 

Bank  Interest  .......... 

3,110 

52,359 

10,153 

Market  Value  at  31  December  1988  ( 1 987— £9 1, 931)  . . £94,779 


Report  of  the  Auditor  to  the  Members  of 
The  Palaeontological  Association 

In  my  opinion,  the  Accounts  as  set  out  above  give  a true  and  fair  view  of  the  state  of  the  affairs  of  the 
Association  at  31  December  1988  and  of  its  income  and  expenditure  for  the  year  ended  on  that  date. 

March  1989  G.  R.  Powell 

Market  Harborough,  Leicestershire  Chartered  Accountant 
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Figures  in  Bold  Type  indicate  plate  numbers. 


A 

Aechmina  sp.,  25 
Afropavo  congensis,  50 

Aguirre  Urreta,  M.  B.  The  Cretaceous  decapod 
Crustacea  of  Argentina  and  the  Antarctic  Penin- 
sula, 499 

Aguirre  Urreta,  M.  B.  See  Riccardi,  A.  C.  and 
Aguirre  Urreta,  M.  B. 

Ahlberg,  P.  Agnostid  trilobites  from  the  Lower 
Ordovician  Komstad  Limestone  Formation  of 
Killerod,  Scania,  Sweden,  553 
Aldridge,  R.  J.  See  Mannik,  P.  and  Aldridge,  R.  J. 
Ammonoids:  Cretaceous,  Argentina,  447;  Creta- 
ceous, Egypt,  355;  Jurassic,  645;  Jurassic,  England, 
799;  Triassic,  England,  231 
Amphibians:  Trace  fossils,  Carboniferous,  Czecho- 
slovakia, 623 

Ananaspis  sp.  aff.  A.  stokesii , 133,  19,  20 
Antarctica : Cretaceous  decapod  crustaceans,  499 
Aphid : Cretaceous,  Botswana,  669 
Aporemaspis  pholidata  sp.  nov.,  884,  107 
Arachnophyllum  murchisoni , 11,  1,  2,  3;  pentagonum , 
25,  5;  pygmaeum,  30,  5;  separatum , 24,  4;  sine- 
murum,  22,  4;  striatum , 28,  5 
Argentina : Cretaceous  ammonoids,  447 ; Cretaceous 
decapod  crustaceans,  499 
Arthrorhacis  lentiformis , 565 
Aspidoceras  hystricosum , 76;  longispinum , 76 
Aulacoteuthis  speetonensis,  85 
Australia:  Permian  shark,  265;  Triassic  plant,  287 
Australosmunda  indentata  sp.  nov.,  287,  35,  36 
Aves:  Pliocene  peafowl,  France,  439 

B 

Baculites  cf.  ovatus,  398,  49;  subanceps , 400,  49 
Baker,  P.  G.  Evaluation  of  a thecideidine  brachiopod 
from  the  Middle  Jurassic  of  the  Cotswolds,  Eng- 
land, 55 

Bandyopadhyay,  S.  The  mammal-like  reptile  Rechni- 
saurus  from  the  Triassic  of  India,  305' 
Barrandeocarpus  norvegicus  sp.  nov.,  80,  12,  13 
Belemnellocamax  mammillatus  mammillatus,  86,  87 
Belemnites:  Jurassic,  Indonesia,  571;  rostrum  dia- 
genesis and  construction,  765 
Belenmopsis  alfurica , 64;  cf.  alfurica , 64;  galoi , 65,  66; 
cf.  galoi , 66;  moluccana,  63,  64;  stolleyi , 66;  cf. 
stolleyi,  66 


Benton,  M.  J.  and  Kirkpatrick,  R.  Heterochrony  in  a 
fossil  reptile : juveniles  of  the  rhyncosaur  Scaphonyx 
fischeri  from  the  late  Triassic  of  Brazil,  335 
Bichilina  prima , 25;  sp.,  25 

Bivalves:  microgrowth  patterns  and  palaeotides,  237, 
31,  32;  size-selective  transport  of  shells  by  birds, 
429 

Botswana:  Cretaceous  aphid,  669;  Cretaceous  dip- 
teran,  657 

Brachiopod : thecideidine,  Jurassic,  England,  55 
Brachthelia  sp.,  680,  79 
Brazil:  Triassic  rhyncosaur,  335 
Brevidorsa  limbata,  26;  sp.,  26 
British  Isles:  Lower  Tertiary  dicotyledonous  wood, 
597;  Silurian  crinoids,  689 
Bullaeferum  llandeiloensis , 29;  tapaensis,  29 

C 

Cadee,  G.  C.  Size-selective  transport  of  shells  by  birds 
and  its  palaeoecological  implications,  429 
Callianassa  burckhardti , 540,  60;  meridionalis , 539,  60 
Callomon,  J.  H.  and  Wright,  J.  K.  Cardioceratid  and 
kosmoceratid  ammonites  from  the  Callovian  of 
Yorkshire,  799 

Calymene  endemopsis  sp.  nov.,  128,  18;  sp.,  132,  18 
Canada:  Carboniferous  Neuropteris  foliage,  837; 

Devonian  agnathan  fish,  883 
Canadoceras  cottreaui , 362,  38 
Carboniferous:  fish  and  amphibian  trace  fossils, 
Czechoslovakia,  623;  Neuropteris  foliage,  Canada 
and  Germany,  837 
Celtocrinus  ubaghsi  sp.  nov.,  104,  14 
Ceratopsis  inflata , 24;  sp.  nov.,  24 
Cercidiphylloxylon  spenceri , 600,  69 
Challinor,  A.  B.  The  succession  of  Belemnopsis  in  the 
late  Jurassic  of  eastern  Indonesia,  571 
Chamoussetia  buckmani  sp.  nov.,  808,  90,  91 ; cro- 
byloides , 814 \ funifera,  815,  91,  92;  phillipsi , 803, 
88,  89;  saratovensis  sp.  nov.,  812 
Checa,  A.  and  Martin-Ramos,  D.  Growth  and 
function  of  spines  in  the  Jurassic  ammonite  Asp- 
idoceras, 645 

Cheirurus  sp.,  128,  15;  sp.  nov.?,  125,  15 
China : Triassic/Jurassic  dinosaur,  223 
Cleal,  C.  J.  and  Zodrow,  E.  L.  Epidermal  structure  of 
some  medullosan  Neuropteris  foliage  from  the 
Middle  and  Upper  Carboniferous  of  Canada  and 
Germany,  837 
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Clonograptus  ( Clonograptus ) flexilis , 723 ; galgebergi , 
735;  milesi , 736;  multiplex , 728,  83;  rigidus , 719;  sp. 
(spp.?)  aff.  C.  (C.)  flexilis , 726;  sp.  aff.  C.  (C.) 
multiplex , 734,  83 
Coilopoceras  requienianum,  388,  46 
Columnocoenia  lamberti,  682,  79 
Conchoprimitia  leperditioidea , 26;  sp.,  26 
Conchoprimitiella  dyfedensis , 29;  eremita , 29 
Conodonts:  Triassic,  Britain,  325;  Silurian,  893 
Conoparia  hollandi  sp.  nov.,  120,  17 
Conspicillum  bipunctatum , 24 

Cope,  J.  C.  W.  See  Donovan,  S.  K.  and  Cope, 
J.  C.  W. 

Copelandia  kerfornei , 24;  melmerbyensis , 24 
Corals:  amural  arachnophyllids,  Silurian,  North 
Atlantic  Area,  1;  Jurassic,  Saudi  Arabia,  675; 
phylogenetic  analysis  of  early  tabulates,  745 
Craske,  A.  J.  and  Jefferies,  R.  P.  S.  A new  mitrate 
from  the  Upper  Ordovician  of  Norway,  and  a new 
approach  to  subdividing  a plesion,  69 
Crawley,  M.  Dicotyledonous  wood  from  the  Lower 
Tertiary  of  Britain,  597 

Cretaceous:  ammonites,  Egypt,  355;  ammonoids, 
Argentina,  447;  aphid,  Botswana,  669;  decapod 
crustaceans,  Argentina  and  Antarctica,  499;  hybo- 
tine  dipteran,  Botswana,  657 
Crinoids:  Ordovician,  England  and  Wales,  313; 
Ordovician,  Wales,  101 ; Silurian,  British  Isles,  689; 
Triassic,  Germany,  483 

Crustaceans:  Cretaceous,  Argentina  and  Antarctica, 
499 

Cryptophyllus  gutta,  28 

Curtis,  M.  T.  See  Donovan,  D.  T.,  Curtis,  M.  T.  and 
Curtis,  S.  A. 

Curtis,  S.  A.  See  Donovan,  D.  T.,  Curtis,  M.  T.  and 
Curtis,  S.  A. 

Cylindroteuthis  puzosiana , 84,  87 
Czechoslovakia : Carboniferous  fish  and  amphibian 
trace  fossils,  623 

D 

Devonian:  agnathan  fish,  Canada,  883 
Dicranopeltis  salteril,  152,  23 
Dinosaur:  Triassic/Jurassic,  China,  223 
Dipteran:  Cretaceous,  Botswana,  657 
Donovan,  D.  T.,  Curtis,  M.  T.  and  Curtis,  S.  A.  A 
psiloceratid  ammonite  from  the  supposed  Triassic 
Penarth  Group  of  Avon,  England,  23 1 
Donovan,  S.  K.  and  Cope,  J.  C.  W.  A new  camerate 
crinoid  from  the  Arenig  of  south  Wales,  101 
Donovan,  S.  K.  and  Gale,  A.  S.  Iocrinus  in  the 
Ordovician  of  England  and  Wales,  313 
Donovan,  S.  K.  and  Sevastopulo,  G.  D.  Myelo- 
dactylid  crinoids  from  the  Silurian  of  the  British 
Isles,  689 

Duringia  spinosa , 27 ; triformosa , 27 


E 

Easchmidtella  elementa , 29;  fragosa , 29 
Edenoxylon ? atkinsoniae  sp.  nov.,  598,  70 
Egypt:  Cretaceous  ammonites,  355 
Eiggoxylon  reidii  sp.  nov.,  605,  71 
El-Asa’ad,  G.  M.  A.  Callovian  colonial  corals  from 
the  Tuwaiq  Mountain  Limestone  of  Saudi  Arabia, 
675 

Elliott,  D.  K.  and  Loeffler,  E.  J.  A new  agnathan 
from  the  Lower  Devonian  of  Arctic  Canada,  and  a 
review  of  the  tessellated  heterostracans,  883 
Encrinus  liliiformis,  483,  53,  54 
England:  Jurassic  ammonites,  799;  Jurassic  brachio- 
pod,  55;  Jurassic  ichthyosaurs,  409;  Ordovician 
crinoid,  313;  Triassic  ammonite,  231;  Triassic 
conodonts,  325 
Enoploclytia  sp.,  516,  55 
Eocytherella  nioni , 26;  troedssoni,  26 
Eridoconcha  plerilamella,  28 
Eryma  sp.  cf.  E.  sulcata , 514,  55 
Euprimites  minor , 25 

Evans,  S.  E.  and  Milner,  A.  R.  Fulengia , a supposed 
early  lizard  reinterpreted  as  a prosauropod  dino- 
saur, 223 

F 

Fagesia  cf.  superstes,  372,  40 
Fallick,  A.  E.  See  Wilmot,  N.  V.  and  Fallick,  A.  E. 
Fish:  Carboniferous  trace  fossils,  623;  Devonian 
agnathan,  883;  Permian  shark,  265 
Forsyth,  S.  M.  See  Hill,  R.  S.,  Forsyth,  S.  M.  and 
Green,  F. 

France:  Pliocene  peafowl.  439 

G 

Gale,  A.  S.  See  Donovan,  S.  K.  and  Gale,  A.  S. 
Gallus  gallus,  50 
Gebeckeria  dryslwynensis , 28 

Geragnostus  tullbergi,  557,  61,  62:  cf.  ingricus , 561,  62 
Germany:  Carboniferous  Neuropteris  foliage,  837; 

Triassic  crinoid,  483 
Glyphea  oculata,  530,  59;  sp .,  532,  59 
Gotula  gotlcmdica , 28 

Gracilichnium  (?)  chlupaci  ichnosp.  nov.,  641,  74,  75 
Gracquina  his  panic  a,  24;  vannieri,  24 
Graptolites:  Ordovician  Clonograptus , 711 
Green,  F.  See  Hill,  R.  S.,  Forsyth,  S.  M.  and  Green, 
F. 

Groschke,  M.  See  Luger,  P.  and  Groschke,  M. 

H 

Hastatellina  normandiensis , 24;  ?sp.,  24 
Hemihoplites  ploszkiewiczi  sp.  nov.,  458,  52;  vari- 
costatus  sp.  nov.,  452,  51,  52 
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Hennigsmoenia  costa , 28;  gunnari , 28 
Hibolithes  ( Hibolithes ) hastatus,  85 
Hill,  R.  S.,  Forsyth,  S.  M.  and  Green,  F.  A new  genus 
of  osmundaceous  stem  from  the  Upper  Triassic  of 
Tasmania,  287 

Holland:  transport  of  bivalve  shells  by  birds  in  the 
Wadden  Sea,  429 

Homeokiesowia  epicopa , 27;  frigida.  27 
Hoploparia  antarctica , 524,  57;  arbrei  sp.  nov.,  517, 
56;  longimana,  520,  57;  stokesi , 525,  58;  sp.  A,  526, 
57;  sp.  B,  528.  57 

I 

Ichthyosaurs:  Jurassic,  England,  409 
India:  Triassic  mammal-like  reptile,  305 
Indonesia:  Jurassic  belemnites,  571 
Interproetus  galvani  sp.  nov.,  115,  16,  17 
Iocrinus  pauli  sp.  nov.,  314;  sp.  cf.  pauli,  317; 

whitteryi , 319 
Iowaphyllum  alpensis , 46 
Ireland:  Silurian  trilobites,  109 

J 

Janis,  C.  M A climatic  explanation  for  patterns  of 
evolutionary  diversity  in  ungulate  mammals,  463 
Jefferies,  R.  P.  S.  The  arm  structure  and  mode  of 
feeding  of  the  Triassic  crinoid  Encrinus  liliifonnis , 
483 

Jefferies,  R.  P.  S.  See  Craske,  A.  J.  and  Jefferies, 
R.  P.  S. 

Jurassic:  ammonites,  England,  799;  ammonite  spines, 
645;  belemnites,  Indonesia,  571 ; brachiopod,  Eng- 
land, 55;  corals,  Saudi  Arabia,  675;  ichthyosaurs, 
England,  409 

K 

Kannemeyeria  crist arhynchus,  3 1 0 
Kinnekullea  hesslandi , 26;  morzadeci , 26 
Kirkpatrick,  R.  See  Benton,  M.  J.  and  Kirkpatrick, 
R. 

Klimphores  morgani , 30;  planus , 30;  vogelweidei , 30 
Kosmoceras  rowstonense,  830,  95,  96 
Kosovopeltis  sp.  aff.  K.  allaarti , 114.  15 

L 

Lamellopora  infundibularia,  32 
Laterophores  elevatus , 30;  lateris , 30;  varesei,  30 
Leonaspis  coronata  coronata,  147,  22,  23;  parkini 
sp.  nov.,  149,  21 
Leptopterygius  tenuirostris,  409 
Leu,  M.  R.  A late  Permian  freshwater  shark  from 
eastern  Australia,  265 

Libycoceras  sp.  ex  gr.  Libycoceras  ismaeli,  396,  48 


Lindholm,  K.  and  Maletz,  J.  Intraspecific  variation 
and  relationships  of  some  Lower  Ordovician 
species  of  the  dichograptid  Clonograptus , 711 
Loeffler,  E.  J.  See  Elliott,  D.  K.  and  Loeffler,  E.  J. 
Longaeviceras  keyserlingi,  825;  longaevum,  824;  pla- 
centa, 824,  94;  polonicum  sp.  nov.,  828,  95; 
stenolobum , 824 

Luger,  P.  and  Groschke,  M.  Late  Cretaceous  am- 
monites from  the  Wadi  Qena  area  in  the  Egyptian 
Eastern  Desert,  355 

Lunichnium  anceps  ichnosp.  nov.,  641;  gracile  ich- 
nosp.  nov.,  640,  74;  75 

M 

McGowan,  C.  Leptopterygius  tenuirostris  and  other 
long-snouted  ichthyosaurs  from  the  English  Lower 
Lias,  409 

Maletz,  J.  See  Lindholm,  K.  and  Maletz,  J. 
Mammals:  evolutionary  diversity  of  ungulates  and 
climate,  463 
Mammites  spp.,  370,  40 
Manambolites  piveteaui,  393,  47,  48 
Mannik,  P.  and  Aldridge,  R.  J.  Evolution,  taxonomy 
and  relationships  of  the  Silurian  conodont  Pte- 
rospathodus , 893 

Martin-Ramos,  D.  See  Checa,  A.  and  Martin-Ramos, 

D. 

Martinssonozona  ordoviciana , 28 
IMazaphyllum  approximatum,  49 
Meandraraea  gazaensis,  677,  78 
Mediane/la  robusta , 26;  sp.,  26 
Metatissotia  fourneli , 383,  45;  cf.  ewaldi,  384,  44;  sp., 
384,  45 

Metengonoceras  cf.  acutum,  363,  38 
Meyerella  rap  ax,  535,  59 

Milner,  A.  R.  See  Evans,  S.  E.  and  Milner,  A.  R. 
Misikella  posthernsteini,  37 
Mitrate:  Ordovician,  Norway,  69 
Mourer-Chauvire,  C.  A peafowl  from  the  Pliocene  of 
Perpignan,  France,  439 

Myelodactylus  ammonis,  697,  80;  convolutus,  696,  80; 
fletcheri , 700,  81;  hibernicus  sp.  nov.,  702,  82; 
parvispinifer,  702,  82;  penkillensis  sp.  nov.,  707;  sp. 
A,  707 

N 

Neohibolites  ewaldi,  85;  minimus,  85,  86,  87 
Neolobites  vibrayeanus,  366,  39;  sp.,  366,  38 
Neuropteris  flexuosa,  856,  102,  103;  macrophylla,  860, 
104,  105;  ovata  var.  aconiensis,  854,  101 ; ovata  var. 
sarana,  851,  100;  ovata  var.  simonii,  845,  98,  99; 
rarinervis,  841,  97;  scheuchzeri , 866,  106 
Niger icerasl  tinrhertense,  372 
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